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This third edition of the SGS Telecom Products databook contains datasheet for some ninety products 
— double the number in the previous edition — realized with bipolar, CMOS & NMOS technologies. All 
of these products are designed specifically for applications in the telecommunications field. 


With the addition of the latest devices, SGS now offers solutions for the most important telecom subsy- 
stems: telephone sets, digital switching systems and PABXs. 


In addition to the original SGS product range, this databook also includes the range of products available 
fram SGS through an agreement with AT&T, which has extended the range of applications covered. 


Among the most recently-designed telecom ICs, two highlights are the SGS SLIC, which integrates the 
ringing function, and a PCM Conference Call chip, both of which are unrivalled of the market in terms 
oi performance and system approach. 
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IDENTITY 


Late in 1957, SGS was founded around a team of 
researchers who were already carrying out pioneer 
work in the field of semiconductors. From that small 
nucleus, the company has evolved into a Group of 
Companies, operating on a worldwide basis as a 
broad range semiconductor producer, with billings over 
300 million dollars and employing over 9500 people. 

~The SGS Group of Companies has now reached a 
total of 11 subsidiaries, located in Brazil, France, 
Germany, Italy, Malta, Malaysia, Singapore, Sweden, — 
switzerland, United Kingdom and the USA. 

To go with Its logo, the company takes the motto 
“Technology and service’, underlining the accent 
given to the development of state-of-the-art — 
technologies and the corporate commitment to offer 
customers the best quality and service in the industry. 
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ALPHANUMERICAL INDEX 


INTEGRATED CIRCUITS 


Type Page 
Number Number 


L545 Active Trunk Termination Circuit 
L3000 Line Interface 
L3010 Control Unit 
L3100 Transient Voltage/Current Suppressor 
L3101 Transient Voltage/Current Suppressor 
L3121 Full Features Transient Suppressor 
L3122 Full Features Transient Suppressor 
13211 Very Low Voltage Speech Circuit with DTMF Interface 
L3212 Integrated Telephone Speech Transmission Circuit with DTMF Interface 
L3240 Electronic Two-Tone Ringer 
L3280 Low Voltage Telephone Speech Circuit 
LB1004 Full-Feature Telephone Tone Riger/Ringing Detector 
LB1005 General-Purpose Telephone Tone Ringers 
LB1006 Telephone Ringing Detector 
LB1007 Keypad Controlled Single-Chip Telephone IC 
LB1008 Keypad Controlled Enhanced Single-Chip Telephone IC 
LB1009 Microprocessor Controlled, Single-Chip Telephone IC 
LB1010 Octal Line Protector 
LB1011 Battery Feed 
LB1012 Battery Feed 119 
LB1013 85V Dual OP-AMP . 131 
LB1017 High-Speed Dual Analog Switch 135 
LB1018 4x8 PNPN Crosspoint Array 147 
LB1019 Power Controller 153 
LB1020 Voice Path Switch for Speakerphone Application 161-162-179 
LB1021 Special Amplifier for Speakerphone Application 161-170-179 
LB1022 Quad Line Receivers 185 
LB1023 Quad Line Driver 195 
LB1024 Digital-Signal Transceivers 203 
LB1025 Quad Bus Transceiver 209 
LB1026 Level Expander 215 
LB1027 Electret Preamplifier 221 
LBR Family Voltage Regulator Circuit Family 227 
LH1016 High-Voltage Solid-State AC/DC Relay 237 
LH1028 Telephone Interface Circuit 243 
LH1056 MSR High Voltage Solid-State Relay 249 
LH1061 High Voltage Solid-State AC/DC Relay , 253 
LS025 Balanced Modulator 259 
LS156 Telephone Speech-Circuit with Multifrequency Tone Generator | 
Interface 267 
LS188 Microphone Amplifier 279 
LS204 High Performance Dual Operational Amplifier 283 
LS285 Telephone Speech Circuit 291 
LS288 Programmable Telephone Speech Circuit 299 
LS346 Polarity Guard with Very Low Voltage Drop for Telephone 
Application 311 
LS356 Telephone Speech Circuit with Multifrequency Tone Generator 
Interface 
LS388 





ALPHANUMERICAL INDEX 


INTEGRATED CIRCUITS 


LS404 
LS496 
LS588 
LS656 


LS1014 
LS1240 
LS1240A 
LS1241 
LS5018 
LS5060 
LS5120 
M079 
M088 
M089 
M093 
M116 
M761 
M764A 
M774 
M1094 
M2560A 
M3326 
M3327 
M5116 
M5156 
M5913 
M5914 
M5916 
M5917 
M6569 
M6579 
ML8204 
ML8205 
PBD3535 


High Performance Quad Operational Amplifiers 

Quad Relay Driver 

Programmable Telephone Speech Circuit 

Telephone Speech Circuit with Multifrequency Tone Generator 
Interface 

60-Volt Dual Relay Driver 

Electronic Two-Tone Ringer 

Electronic Two-Tone Ringer 

Electronic Two-Tone Ringer 

Transient Voltage Suppressor 

Transient Voltage Suppressor 

Transient Voltage Suppressor 

N-Channel 2x 2x 2 Crosspoint Switch With Control Memory .... 
Digital Switching Matrix 

2x8 Crosspoint Matrix 

N-Channel 12x 8 Crosspoint Switch with Control Memory 
PCM Conference Call and Attenuation/Noise Suppression Circuit 
Dual Tone Multifrequency Generator 

Tone Ringer 

Tone Ringer 

Three Tone Ringer 

Decadic Pulse Dialler 

CMOS Interrupted Current-Loop Dialling Circuit 

CMOS Interrupted Current-Loop Dialling Circuit 

p-255 Law Companding Codec 

A-Law Companding Codec 

Combined Single Chip PCM Codec and Filter 

Combined Single Chip PCM Codec and Filter 

PCM Combo 

PCM Combo 

DTMF Transmitter with Redial............. 

DTMF Transmitter with Redial and Output Flash 

Tone Ringer 

Tone Ringer 

DTMF Generator 


PBL3726 Series | Mask-Programmable Speech Circuits 


SLIC 


Subcriber Line Interface Circuit Kit (L8000, L3010, L3121) 


SMALL SIGNAL TRANSISTORS 


BFR36 
BFR99A 
BFY90 
BFX73 


2N918 

2N3137 
2N3600 
2N5109 


CATV Ultra-Linear High-Gain Transistor 
Wide Band VHF/UHF Amplifier 

Wide Band VHF/UHF Amplifier 
High-Frequency Oscillator and Amplifier 
High-Frequency Oscillator and Amplifier 
RF Amplifier 

High-Frequency Oscillator and Amplifier 
CATV Ultra-Linear High Gain Transistor 








Page 
Number 
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TELEPHONE SET 
eo 


Very low drop speech circuit with MF interface 

Very low drop speech circuit with MF interface (Japanese spec) 
Very low drop speech circuit (Japanese spec) 

Speech circuit with MF interface (for piezoceramic transducers) 


















L3211 
L3212 
L3280 
LS156 
LS285 
LS288 
LS356 
LS388 
LS588 
LS656 


PBL3726 
Series 





















Speech circuit 
Speech circuit with programmable gains 











Speech circuit with MF interface (for dynamic transducers) 








Low drop speech circuit with programmable gains 
Speech circuit with programmable gains and power down 
Low drop speech circuit with MF interface (for dynamic transducers) 


















Mask programmable speech circuits 


TONE RINGERS/RINGING DETECTORS 


L3240 Two tone ringers with push-pull output 
LB1004 * Full feature tone ringer and ringing detector 
LB1005 * General purpose tone ringer 

LB1006 * Tone ringer detector 


LS1240/ Two tone ringers 
LS1240A/ Two tone ringers 
LS1241 Two tone ringers 


M764 Programmable three tone ringer 


M774 Programmable three tone ringer 
M1094 Three tone ringer 


ML8204/ Two tone ringers 
ML8205 Two tone ringers 


* An AT&T Product 
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TELEPHONE SET 


MICROPHONE PREAMPLIFIERS 


TYPE FUNCTION 


LB1027 * Electret preamplifier 221 
LS188 Microphone preamplifier (dynamic and piezoceramic transducers) 279 





INTEGRATED RECTIFIER BRIDGES 


TYPE FUNCTION 


LH1028 * Telephone interface circuit 243 
LS346 * Low drop polarity guard 





DUAL TONE MULTIFREQUENCY DIALLERS 


M761 Dual tone multifrequency generator 
M6569 Dual tone multifrequency generator with redial memory (21 digits) 
M6579 Dual tone multifrequency generator with redial memory (21 digits) 
PBD3535 Dual tone multifrequency generator 





PULSE DIALLERS 


FUNCTION 


M2560A Pulse dialler 


M3326 Pulse dialler 
M3327 Pulse dialler 





SPECIAL FUNCTIONS 


Speakerphone kit 161-162-179 
Speakerphone kit 161-170-179 


215 
















LB1020/ * 
LB1021 * 


LB1026 * 
* An AT&T Product 










Voice frequency level expander 
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TELEPHONE SET 


SINGLE CHIP TELEPHONE 


LB1007 * Keypad controlled basic integrated single chip telephone with polarity 
guard 


LB1008 * Keypad controlled enhanced integrated single chip telephone 
LB1009 * Microprocessor controlled integrated single chip telephone 





SUBSCRIBER CARD 


SUBSCRIBER LIVE INTERFACE CIRCUITS 


L3000 Line interface 
L3010 Control unit with serial interface 


L3121 Bidirectional overvoltage/overcurrent protection gate controlled 
LB1011 * Telephone line battery feed 

LB1012 * Telephone line battery feed with hook status output signal 
LB1013 * 85V dual op-amp 

LB1019 * Telephone set power control 





CODEC 


TYPE FUNCTION = 


sae PCM codec 
A-law PCM codec 


* An AT&T Product 
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SUBSCRIBER CARD 


, COMBO 


TYPE FUNCTION =... 


Synchronous PCM Combo 


Synchronous/Asinchronous/Signalling PCM Combo 
u-law. PCM Combo 
A-law PCM Combo 





SPECIAL OPERATIONAL AMPLIFIERS 


TYPE FUNCTION "pace 


LS204 High performance dual op-amp 283 
LS404 High performance quad op-amp | 333 






SWITCHING EQUIPMENTS 


ANALOG CROSS POINTS 


TYPE FUNCTION an 


LB1018 * 4x8 cross point array 
M079 2x2x2 Cross point 
M089 2x8 cross point matrix 
M093 12x8 cross point matrix 





DIGITAL CROSS POINT 


a a 
Moss 256x256 Digital switching matrix 


SPECIAL FUNCTIONS 


* An AT&T Product 
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DATA PROCESSING 


a 
L545 Active trunk termination circuit 


LINE DRIVERS/LINE RECEIVERS/LINE TRANSCEIVERS 


TYPE FUNCTION ee 


LB1022 * General purpose quad line receivers 
LB1023 * Dual line driver 






LB1024 * Digital signal transceiver 
LB1025 * Dual bus transceiver 





PROTECTION CIRCUITS 
ani pe 


Monodirectional overvoltage/overcurrent protection circuits gate 
controlled 
Monodirectional overvoltage/overcurrent protection circuits gate 
controlled 


TYPE 


L3100 















L3101 










L3121 
LB1010 * 


LS5060/ 
LS5120/ 
LS5018 


Bidirectional overvoltage/overcurrent protection gate controlled 





Octal line protector 












Bidirectional overvoltage protection circuits 
Bidirectional overvoltage protection circuits 
Bidirectional overvoltage protection circuits 





SOLID STATE RELAYS 
ee 


TYPE 


LH1016 * 
LH1056 * 
LH1061 * 













Optically coupled high voltage solid state AC/DC relay 237 





Optically coupled high voltage solid state AC/DC relay 
Optically coupled high voltage solid state AC/DC relay 





* An AT&T Product 
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GENERAL PURPOSE 
wee [neo Sd 


LB1017 * Dual high speed analog switch 


LBR Family Regulation control circuit family 


LS025 Balanced modulator 
LS496 Quad relay driver 
LS1014 * Dual independent relay driver 





* An AT&T Product 


SMALL SIGNAL TRANSISTORS 


Characteristics 


Ic Ptot Type 
(mA) (mW) 


BFY90 


2N3600 
2N918 
BFX73 
BFRO9A 
2N3137 
BFR36 
2N5109 


WOW A 
an Oo ON 


pete | 
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ADVANCE DATA 


ACTIVE TRUNK TERMINATION CIRCUIT 


@ TYPICAL APPLICATIONS IN VOICE-BAND pedance to all AC signal above a minimum fre- 
MODEMS. quency that is determined by the capacitor 
® ON CHIP POLARITY GUARD itself and by a 50K{&2 nominal resistor integrated 
on the chip. 
@ MEET DC LINE CHARACTERISTICS OF j ; 
EITHER CCITT AND EIA RS 464 SPECS The off-hook status is detected all the time a 
minimum of 10mA is flowing into the circuit. 
@ PULSE FUNCTION In this condition a constant current generator is 
@® HIGH AC IMPEDANCE activated to supply an external device (typically 
an optocoupler without affecting the AC charac- 
@ OFF HOOK-STATUS DETECTION OUTPUT pciceimot Ene CIREUIE: 
@ LOW EXTERNAL COMPONENT COUNT When pulse dialing is required, the PULSE input 
@ MINIDIP DIL PACKAGE high causes the device to exhibit a pure resistive 
®@ CIRCUIT DESCRIPTION impedance characteristic. Levels are TTL com- 
patible. 


The circuit provides DC loop termination for 
analog trunk lines. 


The V-I characteristics is equivalent to a fixed 
voltage drop (zener like characteristic) in series | Minidip Plastic 
with an external resistance that determines the 
slope of the DC characteristic. 


An external low voltage electrolytic capacitor ORDERING NUMBER: L545 
causes the circuit to exhibit a very high im- 





BLOCK DIAGRAM 






IN1 















Pp 

c O PULSE 
A 
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R 
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S-9041 





This is advanced information on a new product now in development or undergoing evaluation, Details are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 








Max line voltage (pulse duration 10ms max.) 20 V 
ly Max line current 150 mA 
Prot Total power dissipation at Tamb = 70°C 800 mW 

Operating temperature -40 to 70 =C 

-55 to 150 ? 





Storage and junction temperature 





CONNECTION DIAGRAM 


(Top view) 





THERMAL DATA 





Rthjamb Thermal resistance junction-ambient 





ELECTRICAL CHARACTERISTICS (1, = 5 to 100MA; Timp = -25 to +60°C; f = 1KHz; 


unless otherwise specified) 


Parameter Test Conditions 


Line Voltage 


Off-Hook current 
detection threshold 


Off-Hook output 1, = 10mA min. 
drive current 1, =20mMA 
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APPLICATION INFORMATION 


With the use of this circuit it is possible to 
terminate an analog trunk so that all the DC 
current component is flowing in the TRUNK 
TERMINATION CIRCUIT while the AC com- 
ponent is decoupled with a low voltage capacitor 
‘and can be used with a small and low cost audio 
coupler transformer to provide the AC balancing 
termination and two to four wire conversion. 
Figure 1 gives the typical application circuit; it 


PULSE 
HOOK 5 SW a 
TIP ) 
| 
| 
| 
, L$5018 
| 
| 
| 
| oe 
ae 
| t 
Es 
1 4 
RING ae 
| 


! 
FROM PULSE UNIT 






is worth to note that the TRUNK TERMINA- 
TION CIRCUIT, together with the LS5018 


transient suppressor provides a compact and low 
cost module fully protected against lightning or 
overvoltages frequently present on telephone 
lines. The PULSE input, when high, allows 
the device to show a resistive impedance equal to 
R1 to the line. 


TO CONTROL 
UNIT 


TO 2/4 CONV 
CIRCUIT 


S-9040 
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PRELIMINARY DATA 


TRANSIENT VOLTAGE / CURRENT SUPPRESSOR 


@ BREAKOVER VOLTAGE LARGELY IN- 
DEPENDENT OF TRANSIENT RISE TIME 


@ HIGH CURRENT CAPABILITY 

@ PROGRAMMABILITY BOTH IN VOLTAGE 
AND CURRENT 

@ VERY HIGH OFF STATE RESISTANCE 

@ VERY HIGH ON STATE CONDUCTANCE 

@® AUTOMATIC RECOVERY 

@ CHARACTERISTICS LARGELY INDEPEN- 
DENT OF AGEING 

@ FAILSAFE OPERATION 

@ CAN BE USED ON REMOTE — SUPPLY 


LINES 


The L3100 is a transient overvoltage suppressor/ 
overcurrent arrester designed to protect sensitive 
components in electronic telephones and tele- 
communications equipment against transients 


ABSOLUTE MAXIMUM RATINGS 


Its Transient current (T1/T2 = 1s/5Ous pulse - see fig. 1a) 250 A 
(T1/T2 = 1p1s/1000us pulse - see fig. 1a) 150 A 

lb Non repetitive peak current (one sine wave 50 Hz, 30 sec interval - 
see fig. 1b) 50 A 
lb Repetitive peak current (50 Hz, 1 sec - see fig. 1c) 20 A 
Prot Total power dissipation at Tamp= 50°C (steady state) 1.2 W 
op Operating temperature -40to 70 sC 
Tstg, Tj Storage and junction temperature -40 to 150 °C 








caused by lightning, induction from power lines, 
etc. 

The L3100 characteristic, that is its firing voltage 
and current, can be easily programmed by means 
of inexpensive external components; more over, 
since this device recoveres automatically when 
the surge current falls below a fixed holding 
current, it may be used on remotely supplied 
lines. Finally, if destroyed, it becomes a perma- 
nent short circuit. 

The device is encapsulated in 4+4 power 
minidip with copper frame 


Minidip Plastic 


ORDERING NUMBER: L3100B 
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SCHEMATIC DIAGRAM 


ANODE 


GATE-P 





GATE-N 


CATHODE |] 4 


$-8980 


CATHODE 
$-8981 


Fig. 1 - Waveforms 






INPUT 
WAVEFORM 


| L3100 


S$- 8982 





$+6134 
a) 


20ms 30s Is 


b) e) S-6140 


Fig. 2 - Voltage current characteristics (gate not connected) 
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THERMAL DATA 





max 80 °C/W 


Rih j-amb Thermal resistance junction temperature 
max 20 °C/W 


Rin j-pins Thermal resistance junction-pin 





ELECTRICAL CHARACTERISTICS (Refer to test circuit and volt/amp characteristics 


Tamp= 25°C unless otherwise specified) 


ee 


OPERATION WITHOUT GATE 


Direct leakage current ve ay Tamb = 70°C BMF 
v=00¥ ee 
CS 

[se 





VBo Static breakover voltage la-c = 1A; 50 Hz half wave 


VBodyn Dynamic breakover voltage la-c = 100A; 1/50 us 


Holding current Tamb= 95°C; 300 ws pulse 
1=1to5A | 





OPERATION WITH GATES 


Gates voltage 


Vrep Reverse gate-P voltage 


lop Firing gate-P curr. 


IGN Firing gate-N current 


2 
NI 











CIRCUIT DESCIPTION 


— The L3100 is to be connected between the 


two line wires, in parallel with the protected 
devices 


— As it is mono-directional, it has to be put 
after a rectifier bridge. 


— When the vorking voltage and current are 
below the threshold values, the device is in 
OFF state condition and shows a very high 
impedance with less than 5 microAmp leakage 
current at 250V and ambient temperature. 


— As the thresholds are reached L3100 switches 
ON in about a hundred nanoseconds and 
behaves like a short circuit standing transients 
up to 200A and repetitive sinusoidal peaks 
to 20A. 


— When the transient current falls below the 
holding current (1,,), the device returns auto- 
matically to the OFF state. The holding cur- 
rent is high enough to allow operation on 
remote feed lines. 


— If the device fails it become a short circuit. 
providing protection and indicating that a 
failure has occurred. 


GATES OPERATION 


— In the open-gate configuration the breakover 
level is set at about 280V due to an internal 
zener. 


— Furthermore the threshold voltage can be pro- 
grammed at any value, below 265V, with a 
proper zener diode connected to the gates. 


— In the gate-controlled configuration the 

device can operate also as a current transient 
arrester providing, unique up to now, both 
series and shunt protection. . 
The protected circuit is fed through a re- 
sistance connected between the anode (+) 
and the gate-P. When the voltage across the 
two leads exceeds 0.8V, depending on line 
current and resistance values, the device 
switches ON shorting the line. 


TYPICAL APPLICATIONS 


— The L3100 can be used in several configur- 
ations. 


— In any Case, as it is a mono directional device, 
it must be connected to the line through a 
rectifier bridge. 


— Warning — degradation may occur when 
polarizing L3100 inversely (more than 10 
volts). 


— In the basic open gate configuration (fig. 3), 
it switches on at about 280V. 


Fig. 3 






GUARD 
BRIDGE 


S-8984 


— In the gate controlled operation it can be 
connected to program either. 


The breakover voltage (figg. 4). 


The maximum load current (fig. 5). 
Both of them (figg. 6) 


Figg. 4- (a and b) (VB0 a Vz) 
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TYPICAL APPLICATIONS (continued) 


; V 
Fig.5- Ipo= a + Igate 
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GUARD 
BRIDGE 
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Fig. 7 







DIALLING 
SYSTEM 


TONE 
RINGER 


— A schematic full protection configuration is shown in (fig. 7) where: 
a) The internal breakover (280V) protects the d) The current threshold into the load for the 


tone ringer with the hook on. 13100 switching on is about 
b) The breakover of L3100 in dialling oper- Vgate 7 
ation (Q1 open) is set by Voi: —R + Igate with VeeE= 800 mV (typ) 
Begs, ne and Igate= 50 mA 
c) As in speech operation it’s fixed by Vz>5 


(18 to 20V). 
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PRELIMINARY DATA 


TRANSIENT VOLTAGE/CURRENT SUPPRESSOR 


@® BREAKOVER VOLTAGE LARGELY IN- 
DEPENDENT OF TRANSIENT RISE TIME 


HIGH CURRENT CAPABILITY 


PROGRAMMABILITY BOTH IN VOLTAGE 
AND CURRENT 


VERY HIGH OFF STATE RESISTANCE 
VERY HIGH ON STATE CONDUCTANCE 
AUTOMATIC RECOVERY 


CHARACTERISTICS LARGELY INDEPEN- 
DENT OF AGEING 


FAILSAFE OPERATION 


@® CAN BE USED ON REMOTE — SUPPLY 
LINES 


The L3101 is a transient overvoltage suppressor/ 
overcurrent arrester designed to protect sensitive 
components in electronic telephones and tele- 
communications equipment against transients 


ABSOLUTE MAXIMUM RATINGS 





caused by lightning, induction from power 
lines, etc. 

The L3101 characteristic, that is its firing voltage 
and current, can be easily programmed by means 
of inexpensive external components; more over, 
since this device recoveres automatically when 
the surge current falls below a fixed holding 
current, it may be used on remotely supplied 
lines. Finally, if destroyed, it becomes a perma- 
nent short circuit. 

The device is encapsulated in 4 + 4 power 
minidip with copper frame. 


Minidip Plastic 


ORDERING NUMBER: L3101 


Irs Transient current (T1/T2 = 1us/50us pulse - see fig. 1a) 500 A 
(T1/T2 = 1ps/1000ps pulse - see fig. 1a) 150 A 

lp Non repetitive peak current (one sine wave 50Hz, 30s interval - 
see fig. 1b) 50 A 
lb Repetitive peak current (50Hz, 1s ~ see fig. 1c) 20 A 
Ps 6% Total power dissipation at Tamp = 50°C (steady state) 1.2 Ww 
Top Operating temperature -40to 70 C 
Tstg, Tj Storage and junction temperature -40 to 150 "G 

















CATHODE |] 4 


$-8980 


Fig. 1 - Waveforms 





$- 6134 


a) 


INPUT 
WAVEFORM 


SCHEMATIC DIAGRAM 


ANODE 


GATE-P 


GATE-N 


CATHODE 


S-8981 * 






S~ 8982 


b) 


Fig. 2 - Voltage current characteristics (gate not connected) 
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THERMAL DATA 









Rth j-amb 
Rth j-pins 






Thermal resistance junction-pin 


Thermal resistance junction temperature 


ELECTRICAL CHARACTERISTICS (Refer to test circuit and volt/amp characteristics Tamp = 


25°C unless otherwise specified) 


OPERATION WITHOUT GATE 


Leakage current 


V Zener voltage 
IBOo Firing current 


z 
BO Breakover voltage 
ON 


V 
V 


| 
ON state voltage | 


1A 
1A 


Wy Holding current 


Ron ON state diff. resistance 





Corr OFF state capac. 


OPERATION WITH GATES 


VG Gates voltage | = 
le 


p Firing gate-P current 
IGN Firing gate-N current 


CIRCUIT DESCRIPTION 


The £3101 is to be connected between the 
two line wires in parallel with the protected 
devices. 


As it is mono-directional, it has to be put 
after a rectifier bridge. 


When the working voltage and current are 
below the threshold values, the device is in 
OFF state condition and shows a very high 
impedance with less than 10uA leakage 
current at 90V and ambient temperature. 


As the thresholds are reached L3101 switches 





ON in about 100ns and behaves like a short 
circuit standing transients up to 500A and 
repetitive sinusoidal peaks to 20A. 


When the transient current falls below the 
holding current 14, device returns auto- 
matically to the OFF state. The holding cur- 
rent is high enough to allow operation on 
remote feed lines. 


If the device fails it become a short circuit, 
providing protection and indicating that a 
failure has occurred. 














GATES OPERATION 


— In the open-gate configuration the breakover 
voltage level is set at about 120V due to an 
internal zener. 


— Furthermore the threshold voltage can be pro- 
grammed at any value, below 120V with a 
proper zener diode added between the gate P 
and either cathode (-) or gate N. 


— In the gate-controlled configuration the 

device can operate also as a current transient 
arrester providing, unique up to now, both 
series and shunt protection. 
The protected circuit is fed through a re- 
sistance connected between the anode (+) 
and the gate-P. When the voltage across the 
two leads exceeds 0.8V, depending on line 
current and resistance values, the device 
switches ON shorting the line. 


TYPICAL APPLICATIONS 


— The L3101 can be used in several configur- 


ations. 


— In any case, as it is a mono directional device, 
it must be connected to the line through a 


rectifier bridge. 


— Warning — 
polarizing L3101 inversely (more then 10V). 


— In the basic open gates configuration (fig. 3), 


it switches on at about 120V. 


Fig. 3 






GUARD 
BRIDGE 


$-8984 





degradation may occur when 


— In the gate controlled operation it can be 
connected to program either. 


— The breakover voltage (figg. 4) 


— The maximum load current (fig. 5) 


Figg. 4 - (aand b) (Vago = Vz) 
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PRELIMINARY DATA 


FULL FEATURES TRANSIENT SUPPRESSORS 


@® BREAKOVER VOLTAGE LARGELY IN- 
DEPENDENT OF TRANSIENT RISE TIME 


@® BIDIRECTIONAL OPERATION 


@ INDEPENDENT/ASYMMETRICAL PRO- 
GRAMMABILITY 


@® PARALLEL OVERVOLTAGE PROTEC- 
TION (PROGRAMMABLE) 


SERIAL OVERCURRENT PROTECTION 
(PROGRAMMABLE) 


VERY HIGH CURRENT CAPABILITY 
VERY HIGH OFF STATE RESISTANCE 
VERY HIGH ON STATE CONDUCTANCE 
AUTOMATIC RECOVERY 


CHARACTERISTIC LARGELY INDEPEN- 
DENT AGEING 


@ FAILSAFE OPERATION 
@ FOR USE ON REMOTE - SUPPLY LINES 


The L3121 and L3122 are bidirectional transient 
overvoltage/overcurrent protections derived from 


ABSOLUTE MAXIMUM RATINGS 





Transient current (T1/T2 = 1us/50ys pulse - see fig. 1a) 500 A 
(T1/T2 = 1us/1000us pulse - see fig. 1a) 150 A 

lp Non repetitive peak current (one sine wave 50Hz, 30s interval - 
see fig. 1b) 50 A 
lp Repetitive peak current (50Hz, 1s - see fig. 1c) 20 A 
Prot Total power dissipation at Tamp = 50 C (steady state) 1.2 Ww 
op Operating temperature -40 to 70 5f 
T stg. Tj Storage and junction temperature -40 to 150 C 





the programmable L3101 to provide full feature 
protection for the subscriber line interface 
(L3121) and for the standard telephone set 
(L3122). 

Full programmability is allowed through access 
to the triggering gate available on the chips. 
The L3121 protects the line to ground either 
against positive or negative transients with 
external and independent adjustment of the 
threshold voltages (zener or external battery) 
in the two directions. 

The 3122 provides a parallel and series protec- 
tion in a four pole configuration ensuring both 
modes of operation fully programmable below 
the built in levels. 


ORDERING NUMBER: L3121 
L3122 
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BLOCK and CONNECTION DIAGRAMS 


for L3121 
LINE 
GATE + 
GATE= 
GND : 
GATE - oe 
GATE + 
| $-9044 7/1 
GND 
$-9043 
for L3122 
LINE A 
LINE‘A LINE'B 
LINE A 
LINE B 
7 LINE'A 
LINE’B 
t S- 9046 
LINE B ae 


Fig. 1 - Waveforms 


(MI Y AY 


: $6140 
~ 6134 
(a) 


(b) (c) 
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Fig. 2 - Voltage current characteristics ] 





C 
AB =OFF - state 
BC=Zener oper, 
DE =ON -state 


E S$ - 5222/1 


THERMAL DATA 









Rthj-amb Thermal resistance junction-ambient 


80 “C/W 
Thermal resistance junction-pin 


th j-pins 20 C/W 


ELECTRICAL CHARACTERISTICS (Refer to test circuit and volt/amp sharacteistiee ris = 


25°C unless otherwise specified) 


_rmameer | re conttone | min | tye | toe 


OPERATION WITHOUT GATE 


| Leakage current Vo 
Vo 
| 
| = 


L 
[veo Seow [= 
H 
ON 





| Holding current T 
R ON state diff. resistance | = 


Corr OFF state capacitance PR 





OPERATION WITH GATES 
lop Firing gate-P current V LINE-GND = 60V 
Gate+ (L3121 only) 


IGN Firing gate-N current S3 
Gate - (L3121) V LINE-GND = -60V 


Both Line’ (L3122) VUINE a-B = +/- 60V 




















® 





ADVANCE DATA 





VERY LOW VOLTAGE SPEECH CIRCUIT 


WITH DTMF INTERFACE 


@ SPEECH MODE DOWN TO 5mA/1.3V FOR 
PARALLEL OPERATION 


@® DTMF MODE DOWN TO 14mA 


@ A.C. BRIDGE CONFIGURATION ALLOWS 
ALL IMPEDANCES TO BE CONTROLLED 
CLOSELY 


@ DRIVES RECEIVERS OF 15022. IMPEDANCE 
FOR REDUCED COST 


@ ON CHIP DTMF INTERFACE 


The L3211 is a monolithic integrated circuit in 
18 pin plastic DIP package suitable to replace 
the hybrid circuit in the telephone set. It works 
with magnetic capsules in receiving and with 
electret microphone in sending. With its very low 
voltage operation the L3211 is particularly suit- 
able to work in parallel with conventional 
telephone sets. 

In addition to speech operation, the L3211 acts 
as interface for the DTMF for both feeding and 
signaling functions. 


The L3211 basic functions are the following: 


BLOCK DIAGRAM 


LINE 





To present the proper DC path for the line 
current (particular care has been paid to have 
very low voltage drop at low line current 
levels). 

To handle the voice signal, performing the 
2/4 wires interface and changing the gain 
on both sending and receiving amplifiers to 
compensate for line attenuation by sensing 
the line current. 

To act as linear interface for the DTMF, 
supplying a stabilized voltage to the digital 
chip and delivering to the line the MF tones 
generated during the signaling. 


To feed with a constant voltage the electret 
microphone. 


DIP-18 Plastic 


(0.4) 


ORDERING NUMBER: L3211 
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ABSOLUTE MAXIMUM RATINGS 





Vie Line Voltege (3ms pulse duration) 

Ie Line Current 

Prot Total Power dissipation at Tamp = 70°C 
Tép Operating temperature 

Tstg, Ty Storage and Junction temperature 


20 V 

150 mA 

1 Ww 

-20 to +55 ue 
-60 to + 150 ss 





THERMAL DATA 


Rthjamb Thermal resistance junction-ambient | max 80 °C/W 


CONNECTION DIAGRAM 
(Top view) 


BRIDGE 
CENTER 


REC. INPUT 


SEND INPUT 
SEND INPUT 
REC.OUTPUT 


REC. OUTPUT 


GND 





PMUTE 


Electret Bias (V--) 


The electret is biased through a voltage generator 
at Pin 11. | 


DC Regulator 

This stage provides the path for the DC line cur- 
rent (DC characteristics) through the external 
resistor Rpc to pin 17. 


AGC (AGC T;,, AGC Ry) 

The Automatic Gain Control is internally fixed 
for both Tx, and Rx sections. The AGC function 
is built with low distortion stages. 





BIAS 


LINE SENSE 


LINE 


DD 


FILTER OUT 
FILTER IN 
VEE 
MUTE 
S -9058 
Vpp 


A regulated voltage is available at Pin 15 for the 
bias of the DTMF generator. This stage has the 
following characteristics: 


— When the line voltage drops lower then Vpop, 
the Vpp output follows the line voltage. 


— The load is fed through a saturated NPN 
transistor. During pulse dialing when the lc 
is disconnected from the line, the capacitor 
across the Vpp output is discharged only 
by the base-emitter leakage of the NPN 
transistor. This allows this capacitor to be 
used for ‘‘Keep Alive Memory” in pulse dialing 
application. 





BLOCK DESCRIPTION (continued) 


Sending/ Receiving Stages 

A differential input stage is available in sending. 
The sending/receiving gains are internally fixed. 
Nevertheless, sending gain can be adjusted by 
varying the electret bias and receiving gain can 
be adjusted by rearranging the external balancing 
network Rj, Ro, Zp. 


Confidence Level 

A confidence level gain stage is built in parallel 
with the input receiving stage. During DTMF 
mode the C.L. gain stage is turned on and the 
input receiving stage is turned off. This permits 
a fixed amount of DTMF signal when receiving. 


DTMF Amplifier and Filter 

The DTMF transconductance output amplifier 
is available between pins 14 and 16. An external 
resistor at Pin 14 controls the arnount of DTMF 
gain. A buffer stage for filtering an incoming 
DTMF gain. A buffer stage for filtering an 
incoming DTMF tone is provided between pin 
12 and 13. 


Fig. 1 - Application and test circuit 








Mute 
The functions performed by the mute (active 
high, pin 10) are: 


Mute of the sending path 


Reduction of the 
sumption. 


sending/receiving con- 


—_— 


Increase of the source current at the regulated 
output Vop: 


Increase of the line voltage. 


Switching of the ABC into the high current 
mode. 
Mute of the first stage in receiving. 


Turn on of the confidence level stage. 
Bias of the DTMF amplifier stage and filter. 


Pmute ~ 


When Pmute (Pin 9) is low the confidence level 
signal in receiving is muted. 


PMUTEO Opp 
MUTE ROTMF 
oe Bie 3900. | 
Bae 2V 
E G | 3.9 nF 
R~-7 | PL 
RECEIVER 10K. 
R {__kF~O DT MF 
SR 
hone mame FSKN 
30KN. 
Zp wwF pF 1p F 6 KA. 
oan! REE li ae 
6.2KN. 
az iue OC] Sz tinr 
620 A. 
SARS 
a : 6K 
301. EE 
SORE BIAS Roc 
ae 
: ee : 
18V 
$- 9056/1 LINE GND 








ELECTRICAL CHARACTERISTICS (T,,,, = 25°C, f = 200 to 3400Hz, S2 in position (a) on 


the test circuit, unless otherwise specified). 


SPEECH OPERATION for f, = 20mA to 125mA 
Vie Line Voltage 


Gs Sending Gain f= 1KHz ~ 1 =42mA 
Vui = 3mV I= 96mMA 


Sending Distortion f= 1KHz Vso = 700mV 
IL = 20mMA 


Sending Noise Vui = OV 
Micro Input Impedance Vur=3V 


G Receiving gain Vry = 0.3V IL = 42mA 
f = 1KHz 1, = 96mMA 


Receiving Distortion f = 1KHz Vro = 440mV % 3 
1, = 20mA 
ee race 


Receiving out impedance VrRo = 50mV 
Z 


V Electret Bias 


lEE Electret Supply Current 


R 
ML Line matching impedance Vr, =0.3V f = 1KHz 
EE 


Vpp DTMF Supply Voltage 


Ipp DTMF Stand-by Supply 
Current 


current 
EE 


Vv Electret bias IL =5mA 








ELECTRICAL CHARACTERISTICS (continued) 


Parameter Test Conditions 















DTMF Supply Voltage S2 in (b) p24 fof 
sarbmrem= fees fe | | fe 


Sinusoidal Input pair level 
(Pin 12) 


Amplifier Gain 


a 


Conf. level ve 
















(20 log 10 


Sending Gain Mute Vu = 3mV 82 in (b) 
| ‘IteaK Vpp Leakage Vpp = 2.5V 





PULSE DIALING OPERATION 
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TEST 
CIRCUIT 






TEST 
CIRCUIT 





TEST 
CIRCUIT 













DD DTMF 


GENERATOR 





FILTER 


S-9055 
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ADVANCE DATA 


INTEGRATED TELEPHONE SPEECH TRANSMISSION 
CIRCUIT WITH DTMF INTERFACE 


@ ON CHIP DTMF AMPLIFIER/FILTER 


@® WORKS TO 14mA IN DTMF MODE, HENCE 
SUITABLE FOR USE ON CARRIER STA- 
TION 


@ DRIVES RECEIVERS OF 15092 IMPEDANCE 


® ON BOARD POWER SUPPLIES FOR ELEC- 
TRET POLARISATION AND DIALLER 
CHIP POWER 


@ LOOP-COMPENSATION START / STOP 
POINTS SELECTABLE ENABLING WORK- 
ING WITH DIFFERING EXCHANGE BAT- 
TERY VOLTAGES AND LINE CHARAC- 
TERISTICS 


@ DURING LONG LOOP DISCONNECT 
MODES i.e. 600ms FLASH TIMING, Vpp 
REGULATED VOLTAGE OUTPUT BE- 
COMES HIGH IMPEDANCE ENSURING 
MINIMAL DISCHARGE OF ‘KEEP ALIVE 
MEMORY’ CAPACITOR 


@ WORKS IN SPEECH MODE TO 5mA/1.3V 


@ ALL IMPEDANCES CAN BE CONTROLLED 
BY AC BRIDGE CONFIGURATION 


® DUAL LEVEL MUTING OF RECEIVER 
FOR DTMF AND LOOP-DISCONNECT 
DIALLING 


BLOCK DIAGRAM 


@ DIMF GAIN ADJUSTABLE TO SUIT 
SIGNALLING REQUIREMENTS 


@® RFL IS REDUCED BY INTERNAL BAL- 
ANCED AMPLIFIERS 


@ ADJUSTABLE GAIN FOR SEND/RECEIVE 


The L3212 is a monolithic integrated circuit in 
18 pin plastic DIP package designed to replace 
the hybrid circuit in the telephone set. It works 
with magnetic capsules in receiving and with 
electret microphone in transmitting. With its very 
low voltage operation, the L3212 is particularly 
suitable to work in parallel with conventional 
telephone sets. 


In addition to the speech operation, the L3212 
acts as an interface for the DTMF for both feed- 
ing and signalling functions. 


DIP-18 Plastic 


(0.4) 








$-9154 


14 7 9 


This is advanced information on a new product now in development or undergoing evaluation, Details are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 







Vi Line voltage (3ms pulse duration) 


>< lo 


20 
Ie Line current 150 m 
Prot Total power dissipation at Tamp = 70°C 1 WwW. 
Top Operating temperature -20 to +55 °C 
Tstg, T) | Storage and junction temperature -60 to + 150 noe 





CONNECTION DIAGRAM 





(Top view) 

BRIDGE BIAS 
CENTER 

REC. INPUT LINE SENSE 
SEND INPUT LINE 
SEND INPUT Yop 
REC.OUTPUT 14]| DIMF RESISTOR 
REC. OUTPUT FILTER OUT 
S/R RESISTOR |] 7 FILTER IN 
GND VEE 
PMUTE MUTE 





S$ -9058 


THERMAL DATA 





Rthjamp Thermal resistance junction-ambient 
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FUNCTIONAL PIN DESCRIPTION 


ee 


Reference point of receiver circuit. 


Receiver input 


Send input 

Receiver output 

Send/receive amplifier gain control. 
Ground 


Pulse Mute When low, in conjunction with Mute, provide 40dB attenua- 
tion of receive signal. 


Mute, when high, mutes transmitter by 60dB and receiver by 26dB. Also 
causes power supplies to increase current available. 


Vee Electret power supply. Voltage source of 2.4V supplying up to 
500uUA. Used to polarize electret transmitter. 


DTMF Filter In. 

DTMF Filter Out. 

DTMF resistor. Sets DTMF gain 

Vop Regulated power supply output. Used to power dialing chip. 
Line input 


Line sense. A resistor Roc here sets DC resistance and amplifier AGC 
points. 


Bias input. Used as bias reference internally. 





Fig. 1 - Application and test circuit 


PMUTEQ 
MUTE 
A s2 


ion ay 


E 
R-7 
RECEIVER 


Rsp 





6.2KN 
R2 IN 
620 n 
BRIDGE 
CENTER 
183 
30. 
30uF BIA 
= 
| |eson 
i 16 8 _ 
A B 
18V 
$- 9056/1 LINE : GND 
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Fig. 2 - Side tone and send- Fig. 3- Receive gain Fig. 4- DTMF gain 
ing gain 





CIRCUIT CIRCUIT 


CIRCUIT 





$-9052 $- 9054 


VRO = _Vso_ Gre _Ymo_ Gur = _Vmo _ 


Side tone = 
Veli Vel VR VMF 





VME 


ELECTRICAL CHARACTERISTICS (T,,,, = 25°C, f = 200 to 3400Hz, S2 in position (A) on 


the test circuit, unless otherwise specified) 


[reer aot[n [m [ | ow [ 


SPEECH OPERATION FOR I, = 5mA TO 20mA 


VL Line voltage 

Vso Sending dynamic output 
voltage 

leo ae 


IpDp DTMF supply current 
DTMF Amplifier gain 


DTMF Transient voltage 
R Input impedance VMFin = 


<]{ 1 
r —_2 
ae 3 
o (e) 


Vpp DTMF supply voltage 
! 


Sending Gain Mute 


| Leak Vpp leakage 


DTMF Tone distortion | IL > 14mA 








ELECTRICAL CHARACTERISTICS (continued) 


Parameter Test Conditions Min. Typ. | max. | unit | Fig. | 


SPEECH OPERATION FOR |, = 20mA TO 125mA 


Line Voltage 


Sending Gain 


Transmitting distortion 


Receiving gain 


Receiving distortion 


ee _ 


Line matching impedance VRI 0.3V 
1KHz 


Return Loss hale 0.3V 
1KHz 


Electret bias 





PULSE DIALING OPERATION: S2 IN POSITION (B) 
a ae eet etl 
pulse mute 


lLeak Input high current -10 WA 
Pulse mute 
Confidence level gain Pulse Mute Low | | ao | | wf 3 





















ELECTRONIC TWO-TONE RINGER 


@ LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION 
OF 4 DEVICES 


® INTEGRATED RECTIFIER BRIDGE WITH 
ZENER DIODES TO PROTECT AGAINST 
OVERVOLTAGES 


@ LITTLE EXTERNAL CIRCUITRY 


@ TONE AND SWITCHING FREQUENCIES 
ADJUSTABLE BY EXTERNAL COM- 
PONENTS 


@ INTEGRATED VOLTAGE AND CURRENT 
HYSTERESIS 


@ BRIDGE OUTPUT CONFIGURATION 


L3240 is a monolithic integrated circuit designed 
to replace the mechanical bell in telephone sets, 
in connection with an electro acoustical con- 
verter. The device can drive either directly a 
- piezo ceramic converter (buzzer) or a small 
loudspeaker. In this case a trasformer is needed. 
The two tone frequencies generated are switched 


Fig. 1 - Test circuit 


Yap 


3.56 ° 104 
fy = ————_— __ (see fig. 4) 
R1 (KQ) 





fo = 0.725 fy 


by an internal oscillator in a fast sequence and 
made audible across output amplifiers in the 
transducer; both tone frequencies and the switch- 
ing frequency can be externally adjusted. 

The supply voltage is obtained from the AC ring 
signal and the circuit is designed so that noise on 
the line or variations of the ringing signal cannot 
affect the correct operation of the devices. 

The output bridge allows to use a high impedance 
transducer with acoustical results much better 
than in a single ended configuration. 

The two outputs can also be connected in- 
dependently to different converters or actuators 
(acoustical, opto, logic). 


Minidip Plastic 


ORDERING NUMBER: L3240 
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Calling voltage (f 


VaB Calling voltage (f = 50Hz) 5s N/10s OFF 
DC Supply vurrent 
Top Operating temperature 


Storage and junction temperature 





CONNECTION DIAGRAM 


(Top view) 


LINE 


GROUND 


SWEEP RATE ie 
CONTROL CAPACITOR 


OUTPUT FREQUENCY 
CONTROL RESISTOR | 4 


THERMAL DATA 





Rthj-amb Thermal resistance junction-ambient 








50Hz) continuous 
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LINE 


RECTIFIER 
CAPACITOR 


N.C. 


BUZZER 


S$~- 6202 








-20 to +70 
-65 to + 150 








ELECTRICAL CHARACTERISTICS (T,m, = 25°C unless otherwise specified) 


Parameter Test Conditions 


Current consumption 
without load (Pins 8-1) 


VON Activation voltage 


VoFF Sustaining voltage 


Differential resistance in 
OFF condition 


lout Short circuit current 
(Pins 5-6) 


Voltage drop between 
Pin 8-1 and Pin 7-2 


AC OPERATION 


Output frequencies 
fout 1 
fout 2 


Sweep frequency = 14KQ = 100nF es Ese 
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Fig. 2- Typical application with balanced output 


2.2K 










Fig. 3- Application compatible with LS1240 
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Fig. 4- -F, out vs. Ry 
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ADVANCE DATA 


LOW VOLTAGE TELEPHONE SPEECH CIRCUIT 


@ OPERATION DOWN TO 1.3V/5mA telephone sets. It is designed for sets that may 
@® DTMF & BEEP TONE INPUTS be operated in parallel. It feature both DTMF 

input and Beep tone input; ALC on send and 
@® EXTERNAL MUTING FOR EARPHONE receive and muting input. 


AND MICROPHONE 


@® MUTE TURNS ON BEEP TONE & DTMF 
INPUTS AND TURNS OFF EARPHONE 
& MICROPHONE 


® SUITABLE FOR DYNAMIC OR PIEZO fit, ~ @ DIP-14 Plastic 
EARPHONES AND PIEZO, DYNAMIC OR be, (0.25) 
ELECTRET MICROPHONES 


The L3280 is a brand new low voltage speech ORDERING NUMBER: L3280 
circuit designed to replace hybrid circuits in 





BLOCK DIAGRAM 


> 


f= 


AMP La AGC - 
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Line Voltage (3ms pulse) . 20 V 
I Line Current 150 mA 
Ps Total Power Dissipation, Tamp = 70°C 1 Ww 
Top Operating Temperature -20 to 55 aC 
Junction Temperature -65 to 150 ae 





CONNECTION DIAGRAM 
(Top view) 


E2 


ML 


MH 





$-9161 


THERMAL DATA 


Rthj-amb Thermal resistance junction-ambient max 80 °C/W 
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ELECTRICAL CHARACTERISTICS (T,,,, =25°C, f = 200 to 3400Hz) 


VEL Line Voltage 















Test Conditions Fig. 





1, = 20mMA Riuing = 432 
Ring = 432 
RINE = 432 


Gs Sending Gain 1, =52mA Vu = 2mv 42.5 
AG, 














Sending Gain Variation 
IL ref = 52MA 
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THDs Sending Distortion 


, Sending Noise 
Microphone Input Impedance 
Gp Receiving Gain 


AGrR Receiving Gain Variation 
IL ref = 52MA 











Vu = 0 
Veui = 2mV 
1 =52mA 
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THD Rp f = 1KHz 
VrRo = 630mV 


I= 20mA 


Receiving Distortion 
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Vao=0 
[Rsceing Ouout impedence 
Perea eye sebenceie remnant 


OPERATION FROM I, = 5 to 20mA 
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lRo Receiving Output Current 1 = 5mA 
MUTE L Mute Input Low (Speaking) 







CTT 
fos sma 
i Pease ate nag 
|MUTEH Mute Input High (Dialing) =| 
265| 26 [pes | 8 
| Rathetpetppetmer [very 
(MUTE H= 2V) 
[ore aitonion ouren=avi [Ve=aeev iY 
[seston Gain MUTE H=2V) [Vpn a6mv 


Beeptone Input Impedance Vp = 25mV 
(MUTE H = 2V) 


Beeptone Distortion Vp = 100mV 
(MUTE H = 2V) 
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TEST CIRCUITS 


Fig. 1 gon 6ka ‘ef 
a ae ——O 
LINE 
18V 
680 VU 
22 pF 





S- 9157 
EARPHONE 


Fig. 2 Fig. 3 






APPLICATION 
CIRCUIT 
ABOVE 


APPLICATION 
RO CIRCUIT 


VR\ $-9158 





Receiving gain: Sending gain and sidetone: 
Gp = Vro Gs = Vso : ST = Vro 
Vel Vui Vui 
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CHARACTERISTIC AT 1KHz 


Fig.4 - Receive characteristic and max output 
at 2% THD 





0 10 20 3040 50 60 70 80(mA) 
$-9155/1 





Fig.5 - Sending ALC characteristic and max 
output at 2% THD 





O 10 20 30 40 50 60 70 80 (mA) 
$-9156 


Fig.6 - DC characteristic measured between line and GND 
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S- 9112/1 


MIC RECEIVE 
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MUTED 
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PRELIMINARY DATA 
AN AT&T PRODUCT 


FULL-FEATURE TELEPHONE TONE 
RINGER/RINGING DETECTOR 


e COMPLETE TELEPHONE BELL REPLACE- 
MENT WITH CAPABILITY OF 32 SWITCH- 
SELECTABLE ALERTER TONES 


e TIGHT OUTPUT FREQUENCY CONTROL 
(+3%) FOR MAXIMUM ACOUSTIC OUTPUT 


e EXTERNAL COMPONENTS: ONLY TWO CA- 
PACITORS AND ONE RESISTOR REQUIRED 


e INDEPENDENTLY SELECTABLE AM OR FM 
MODULATION 


e ON-CHIP VOLUME CONTROL RESISTORS 
PROVIDED 


e IMMUNE TO ROTARY DIAL PULSING (BELL 
TAP) 


e MEETS BOTH TYPE A AND B RINGING 
REQUIREMENTS (40 Vams < VIN <150VRMs, 
15Hz<fin=68 HZ) AS SPECIFIED BY EIA 
RS-470 AND FCC PART 68 


-@ MEETS INPUT IMPEDANCE CRITERIA 
SPECIFIED BY EIA RS-470 AND AT&T 
TECH. PUB. 47001 


~e@ LOGIC- OR SWITCH-SELECTABLE OUTPUT 
~ FREQUENCY AND MODULATION RATE 


e INTERNAL POLARITY GUARD PROVIDES 
1500V LIGHTNING SURGE PROTECTION 
WHEN CONNECTED AS IN FIG. 10 AND 11 


e RINGER EQUIVALENCY: 1 B WHEN 
CONFIGURED AS SHOWN IN FIGURES 10 
AND 11 


The LB1004 is a Full Feature Tone Ringer/Ringing 
Detector integrated circuit which simultaneously 
provides a ringer-output tone and a “ringing- 
detected”’ output signal. The tone ringer portion of 
the device provides switch-selectable output fre- 
quencies of 750, 900, 940, and 1200 Hz at inde- 
pendently selectable modulation rates of 7.5, 10, 
~15, and 20 Hz. Amplitude or frequency modulation 
may also be independently selected. These 
TTL/CMOS logic or switch selectable features, con- 
trolling both the type of sound and its duration, pro- 
vide distinctive ringing capabilities which are useful 
for a multiphone office environment. The ringer can 
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DIP-16 B Plastic 


ORDERING NUMBER: LB1004AC 





be prevented from providing a tone output witha 
“Ringing Inhibit’ function. These functions can be 
controlled by a microprocessor, allowing various 
alerting tasks to be performed by appropriate pro- 
gramming. The ringing detector portion of the de- 
vice provides an output (LED OUT) which can 
interface with a microprocessor or an opto-isolator 
(see Applications). 


PIN CONFIGURATION 


VouT COMMON 
OUT M RP 
OUT L TP 
LED OUT BLANK 
BLANK V+ 
FS 1 RINGING INHIBIT 
FS 2 MOD 2 
AM MOD 1 














Fig. 1 - Functional Diagram 2 


COMMON 


FULL WAVE RECT. 
Zin VS. VIN REF. CURRENTS 


AND 
E PROTECTION 
SURGE PROTECT REF, VOLTAGES 


A Ivini (INTERNAL 
(MAG.) CONNECTIONS) 


RINGING 


DETECTOR 
LOGIC RING DETECTED 


MODULATION RATE 
LOGIC & INTERFACE 


SELECTABLE a ENABLE 

FREQ. OSC. : LOGIC 
26.25 kHz & 
31.50 kHz iar uP 
42.00 kHz (28%) OVERRIDE 


FS 1 


FS 2 RINGING INHIBIT 


(FREQ. CONTROL) 





PIN DESCRIPTION 


Pin 


Oj hm; aoO;s;n] — 


OO}; OO; NN] ® 


—b | ok 
—— | Oo 


12 


13 


14 
15 


16 


Symbol 
Vout 
OUT M 
OUT L 
LED OUT 
Blank 


nim 
D- < > 
fis a) [Heese eeeeet 


MOD 1 


Ringing Inhibit 


a 


‘Blank 


Common 


Name/Function 
Tone ringer output which drives the alerter 
Control option for medium volume output 
Control option for low volume output 
Sinks current when ringing is detected 


This pin may be used as a tie point for external components 
Voltage applied to this pin should not exceed 30V 


Frequency Select pin (see Table 2) 

Frequency Select pin (see Table 2) 

Selects either AM or FM modulation or output ringer tone (see Table 1) 
Modulation Rate Select pin (see Table 2) 

Modulation Rate Select pin (see Table 2) 


The Ringer Inhibit function is a TTL/CMOS-compatible input for logic control of the Tone 
Ringer output (see Table 1) 


Internal supply voltage. This voltage is usually derived from the AC signal which is present 
on the Tip-Ring pair. This pin must have a 10uF capacitor to common for energy storage 
and “‘smoothing” purposes. For ‘‘stand alone applications”, an external voltage may be 
use to bias this pin. 


This pin may be used as a tie point for external components. 
Voltage applied to this pin should not exceed 30V 


Tip Prime (TP) and Ring Prime (RP) are inputs to this device. 
AC ringing signals from the telephone line energize the detector circuit 


Circuit Common (not necessarily physical or system ground) 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 















Operating Voltage (V+ to Common) 30 


Operating Voltage (TP-RP) + 30 V 
Operating Current (TP-RP) +100 mA 
Output Current (VouT-Common) +30 mA 


—20to +75} °C 
—40 to +125; °C 
300 °C 
500 mw 


Ambient Operating Temperature Range 
Storage Temperature Range 

Pin Temperature (Soldering, 15 sec) 
Power Dissipation (Package Limitation) 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’? may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Power Supply Current V+ =28V (See Fig. 2) 0.76 
Power Supply Current V+ =15V See Fig. 2 0.73 


— 
ine) 


oa™~ | —a~ 
— 


TP Current, No Load(t) | Vtp-pp = 8V See Fig. 3 
RP Current, No Load(1) VTp-pp = — 8V See Fig. 3 
TP Current, No Load(1) Vtp-pp = 20V (See Fig. 3) 
RP Current, No Load() VtTp-Rp = — 20V (See Fig. 3) 


3 
> 


wlowlow eine. 
tay ie 
Olald at | OINes 

nla, 


Input Threshold Voltage, TP-RP@ V+ =8V (See Fig. 4) ; 
Input Threshold Voltage, TP-RP(2) V+ =25V (See Fig. 4) 
tp (See Fig. 5) 

uA 
IRp (See Fig. 5) 





‘Clamp Voltage() 22.5 | 25.7 
Giamp Voltage “ “0 | 
Clamp Voltage(3) lrp = 100mA (See Fig. 6) 
Clamp Voltage(s) lrp = —100mA (See Fig. 6) —3.8 | —5.5 
LED Current Off (Ringing not detected state) (See Fig. 7) 0.43 | +10 di 
LED Current On (Ringing detect state) (See Fig. 8) | 310 375 500 
Frequency) 1164 | 1200 | 1236 

| (See Fig. 9, Note 1) | 
Modulation Rate(4) V+ =Vtp=15V Vrap=0 ie 


(See Fig. 9, Note 2) 
Frequency() Itp =10mA (See Fig. 9, Note 1) | 1154 | 1200 | 1246 
Modulation Rate() | ltp =10mA (See Fig. 9, Note 2) | 1 


—k 
oO o 
ey N 
QO (o>) 
NO i) 
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Table 1 - Tone Output Status (see Notes 6 and 7) 


Ringing Inhibit | AM | Tone Output State 


Open Frequency Shift Modulation (at modulation rate) 


Low No output tone 


Open Amplitude Modulation (at modulation rate) 


Table 2 - Tone Selection (see Notes 6 and 7) 


Frequency Select Pins Modulation Rate Select Pins 


FS 1 } FS 2 Tone Output Frequency MOD 1 | MOD 2 Tone Output Modulation Rate 


Low 15 Hz 


Low | Open | 900 Hz Low | Open | 10 Hz 
Low Low 750 Hz Low Low 7.5 Hz 


Notes: 
1. The specified current is measured after ringing has been detected (30 to 40 ms). 


2. With the proper voltage applied to V+, the threshold voltage is defined as the TP-RP voltage at which the device 
detects a ringing signal, as seen at the LED OUT pin or the alerter output (Voy t-Common). 


3. The potential between TP and RP is measured with the specified current at TP. 


4. The output frequency and modulation rate between Voyt and Common are measured with the specified voltages 
at V+, TP and RP. These measurements are obtained after ringing has been detected (80 to 40 ms). 


5. The output frequency and modulation rate are measured with the specified current at TP and after ringing has been 
detected (30 to 40 ms). 


6. Low denotes a connection (switch, wire path, or a transistor) between the appropriate pin and Common (pin 16). Pin 
6, 7, 8, 9, 10 are TTL/CMOS-compatible inputs, with internal pull-up provided. 


7. Frequency shift modulation generates frequencies fo and 5/4 fo. Amplitude modulation generates fo turned on and 
off at the modulation rate. 


TEST CIRCUITS 
Fig. 2 Fig. 3 































1 10 «9 
Ri MOD2 MoDt 





6 15 #14 #+13 «12 «11 ~=«#10 9 
COM RP TP — V+ Ri MOD2MOD1 






DETECT 
RINGING 










LED 
Vout OM OL OUT 
1 2 3 4 


LED = 
Vout OM OL OUT — FS1 FS2 AM 
1 2 3 4 5 6 7 8 










FS1 FS2 AM 
6 7 8 
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TEST CIRCUITS (Continued) 


Fig. 4 


6 15 #14 #13 12 «11+ «10 9 
COM RP TP — V+ Ri MOD2MOD1 


LED _ 
Vout OM OL OUT — FS1 FS2 AM 
1 2 #3 4 5 6 7 8 





Fig. 6 











16 15 #14 «13 «12 «11«10~=«9 
COM RP TP — V+ Ri MOD2MOD1 












LED as 
Vout OM OL OUT — FSi FS2 AM 
1 2 3 4 5 6 7 8 












Fig. 8 


10 pF LED CURRENT ON 


16615 14 #13 #12 «14 «10 = «9 


COM RP TP — V+ RI MOD2MOD1 


LED = 
Vout OM OL OUT — FS1 FS2 AM 
2 3 4 5 6 7 8 





Fig. 5 


ITP or i”pp ——o 


16 #15 14 13 #12 «#«11~=«#10 9 


COM RP TP — V+ Ai MOD2 MOD1 
LED 
Vout OM OL OUT — FS1 FS2 AM 
VTP-RP 1 2 3 4 5 6 7 8 


































Fig. 7 
10 uF 
LED CURRENT OFF 
20 V 16 15 14 #13 #12 «#11 «10 9 
COM RP TP — V+ Ri MOD2MOD1 
LED ~ 
Vout OM OL OUT — FS1 FS2 AM 
3 4 5 6 7 8 
[LED ———m» 
Fig. 9 





SPECTRUM 
ANALYZER 








14°13 12 «11 «10 «9 
COM RP TP — V+ Ri MOD2MOD1 













LED _ 
Vout OM OL OUT — FS1 FS2 AM 
1 #2 3 4 5 6 7 8 









Note 1: Measure F1 or 1.25 F1 with SW1 and SW2 closed; 
SW3 open. 

Note 2: Measure modulation rate with SW1 and SW2 open; 
SWS closed. 
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APPLICATIONS 


The LB1004AC requires only two capacitors, one 
resistor, and an output transducer to provide tone 
ringing functions from any standard Tip-Ring tele- 
phone pair. These devices operate over varying rin- 
ging waveforms (15 to 68 Hz at 40 to 150 Vrms). 
A tone ringer derives its power by rectifying the AC 
ringing signals from the Tip-Ring pair of a telephone 
loop. It uses this power to activate a tone genera- 
tor and then transfers most of this power to an aler- 
ter after ringing is detected. Thus, there is 
essentially no loading under non-ringing conditions. 
Selectable on-chip resistors allow the volume of the 


Fig. 10 - Typical Application For Opto-lsolator Drive 


RINGING 
INHIBIT 


* <0.4V @500pA 


alerter output to be adjusted (See the application 
diagram below). 

The ringing detector portion of this device has one 
output (LED OUT). This output will sink current 
when ringing is detected, and can be connected 
to either an opto-isolator device or to a logic inter- 
face with a microprocessor (see Figures 10 and 11). 
This device does not have to depend upon power 
derived from the Tip-Ring inputs to become ope- 
rational. Connecting an external voltage source V + 
will also allow the device to operate in what is de- 
scribed as “‘stand alone applications’. 


310 to 500 yA 


OPTO-ISOLATOR 


SELECTOR 
SWITCH 
(VOLUME) 


ALERTER 


“LOGIC SELECTABLE” 
TONE OPTIONS 


LOGIC SUPPLY 
VOLTAGE 


PULL-UP 
RESISTOR 


RINGING DETECTED 
TO LOGIC 


O 
ALERTER SELECTOR 


SWITCH 
(VOLUME) 











PRELIMINARY DATA 
AN AT&T PRODUCT 


GENERAL-PURPOSE TELEPHONE TONE RINGERS 


e TIGHT OUTPUT FREQUENCY CONTROL 
(+3%) FOR MAXIMUM ACOUSTIC OUTPUT 


e EXTERNAL COMPONENTS REQUIRED ARE 
TWO CAPACITORS AND ONE RESISTOR 


e MEETS BOTH TYPE A AND B RINGING 
REQUIREMENTS (40 Vrms < VIN < 150 
Vros, 15 Hz < fin < 68 Hz) AS SPECIFIED 
BY EIA RS-470 ON FCC PART 68 


e IMMUNE TO ROTARY DIAL PULSING (BELL 
TAP) 


e MEETS INPUT IMPEDANCE CRITERIA SPE- 
CIFIED BY EIA RS-470 AND AT&T 
TECHNICAL PUBBLICATION 47001 


e POLARITY GUARD PROVIDES 2000V 
LIGHTNING SURGE PROTECTION WHEN 
CONNECTED AS IN FIG. 8 


e ON CHIP VOLUME CONTROL RESISTORS 
PROVIDED 


e PROVIDES ESSENTIALLY NO LOADING 
UNDER NON-RINGING CONDITIONS 


e RINGER EQUIVALENCY: 0.8 B WHEN 
CONFIGURED AS IN FIG. 8. 


Fig. 1 - Functional Diagram 


FULL WAVE RECT. 
ZIN VS. VIN 
SURGE 
PROTECTION 
& MAG. COMP. 


A\VIN| 
(MAG.) 


RINGING 
DETECTOR 
LOGIC 


COMMON 


MODULATION 
RATE DIVIDER 


DUTY 


CYCLE 


(28%) 





Minidip Plastic 


ORDERING NUMBER: LB1005AB (MINIDIP-A) 
LB1005BB (MINIDIP-B) 


These devices provide a telephone alerter function 
with an output tone warbling between the base fre- 
quency and 1.25 times that of the base frequen- 
cy, at a 20Hz modulation rate. Both devices meet 
all known standard criteria for telephone alerters, 
and also drive piezoelectric transducers directly. 
The LB1005AB is a tone ringer having an 1800Hz 
base frequency, and is particularly suited for ap- 
plications where space for the alerter is at a pre- 
mium. The LB1005BB is a tone ringer having a 
1200Hz base frequency. This device produces a 
more pleasing tone where required space is avai- 
lable for the alerter. 


REF. CURRENTS 


REF. VOLTAGES 


(INTERNAL 
CONNECTIONS) 
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PIN CONFIGURATION 





PIN DESCRIPTION 


Pin | Symbol Description 

1 TP Tip Prime (TP) and Ring Prime (RP) are the inputs to the device. AC ringing si- 

8 RP gnals from the telephone line energize the detector circuit. 

2 Tone ringer output which drives the alerter. 

3 OUTL Control option for lower volume output. 

4 Blank This pin may be used as a tie point for external components. Voltage applied 
to this nin should not exceed 30 volts. 

5 OUTM Control option for medium volume output. 

6 V+ Internal supply voltage. This voltage is usually derived from the AC signal 
which is present on the Tip-Ring pair. This pin must have a 10 uF capacitor to 
common for energy storage and «smoothing» purposes. For «stand alone appli- 
cations», an external voltage may be used to bias this pin. 

7 Circuit Common (not necessarily physical or system ground). 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Paneer 7 vate | Uni 











Operating Voltage (V+ — RP) 30 V 

Operating Voltage (VouT — RP) 30 V 

Operating Current (TP or RP) +100 mA 
Output Current (VouT) +30 mA 
Non-Recurrent Peak Surge Current, TP or RP (ts 1ms) + 500 mA 
Ambient Operating Temperature Range —-20to +75) °C 
Storage Temperature Range —40 to +125) °C 
Pin Temperature (Soldering 15 sec) 300 °C 
Power Dissipation (Package Limitations) 600 mw 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of thase 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Power Supply Current V+=15V (See Fig. 2) 450 A 
RP Current, No Load Vrp-pp = — 20V1 (See Fig. 3) | — 250 | —585 | — 850 

Input Threshold Voltage, TP or RP eas |) 80" | V 
ies Veciena4 sv (See Fig. 5) a 


Vtp-Rp = — 4.5V (See Fig. 5) 





NY 
uo 
w on 
so co 
o1 Ww 
oi (o>) 


Clamp Voltage Itp = 20mA3 (See Fig. 6) 
Clamp Voltage Irp = — 20mA3 (See Fig. 6) 


nh 
on 
: nS 
ao 
oo 
| 
wo 
a) 
< 


Clamp Voltage Ipp = 100mA3 (See Fig. 6) 


| 
a 
rep) 

| 
on 
on 


Clamp Voltage Itp = — 100mA3 (See Fig. 6) 






Frequency V+ =15V4 (See Fig. 7, Note 6) 1746 1854 

Vrp = 15V Vap=0 1164 | 1200 Hz 
Modulation Rate Ipp = 10mAS5 (See Fig. 7, Note 7) 16 
NOTES: 


1. The specified current is measured after ringing has been detected (30 to 40 ms). 


2. With the proper voltage applied to V+, the threshold voltage is defined as the TP-RP voltage at which the device 
detects a ringing signal, as seen at the LED OUT pin or the alerter output (Voyt-Common). 


3. The potential between TP and RP is measured with the specified current at TP. 


4. The output frequency and modulation rate between Voy7y and Common are measured with the specified voltage at 
V+, TP and RP. These measurements are obtained after ringing has been detected (30 to 40 ms). 


5. The output frequency and modulation rate are measured with the specified current at TP and after ringing has been 
detected (30 to 40 ms). 


TEST CIRCUITS 
Fig. 2 | Fig. 3 


DETECT 
RINGING 


Vout OUTL RP Vout OUTL 
2 3 1 2 3 
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TEST CIRCUITS (Continued) 
Fig. 4 


7 5 
COM V+ OUTM 
DETECT 
RINGING 
VouT OUT L 

2 3 





Fig. 6 


Vout OUTL 
2 3 





APPLICATION 


The LB1005AB or the LB1005BB requires only two 
Capacitors, one resistor, and an alerter to provide 
tone ringing functions from any standard Tip-Ring 
telephone pair. These devices operate over wide- 
ly varying ringing waveforms (15 to 68 Hz at 40 to 
150 VRms). A tone ringer derives its power by rec- 
tifying the AC ringing signal from the Tip-Ring pair 
of a telephone loop. It uses this power to activate 
a tone generator, and then transfers most of this 
power to an alerter after the ringing has been de- 
tected. There is essentially no loading under non- 
ringing conditions. Selectable on-chip resistors al- 
low the volume of the alerter output to be adjusted 
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Fig. 5 


— 


WTP 


















7 
COM 


6 5 
V+ OUTM 









VouT OUT L 
2 3 





VTP-RP 4 


Fig. 7 


7 
COM 


5 
OUTM 


V+ 


SPECTRUM 
ANALYZER 


Notes: 6: Measure Frequency with SW1 and SW2 closed; SW3 open. 
7: Measure Modulation Rate with SW1 and SW2 open; 
SW3 closed. 


(see application circuit in Fig. 8). This device does 
not have to depend upon power derived from the 
Tip-Ring inputs to become operational. Connecting 
an external voltage source to V+ will also allow 
the device to operate in what is described as «stand 
alone applications». The tone generator circuitry 
includes an oscillator and frequency divider which 
produce specified tones and the tone modulation 
rate. The LB1005BB has an output warble frequen- 
cy range of 1200 to 1500 Hz at a 20 Hz modula- 
tion rate. The LB1005AB has an output warble 
frequency range of 1800 to 2250 Hz at a 20 Hz mo- 
dulation rate. 


APPLICATION (Continued) 


Figure 8 - Typical Application 





COMMON V+ OUT M 


Vout OUT L BLANK 
2 3 4 


ALERTER 


SELECTOR 


SWITCH 
(VOLUME) HIGH 
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PRELIMINARY DATA 
AN AT&T PRODUCT 


TELEPHONE RINGING DETECTOR 


e MEETS BOTH TYPE A AND B RINGING RE- 
QUIREMENTS (40Vrams < ViIN< 150VrRns, 
15Hz < Fin s 68Hz 


e OPERATES ON LESS THAN 1mA FROM THE 
TELEPHONE LOOP 


e INTERNAL POLARITY GUARD PROVIDES 
1500V LIGHTNING SURGE PROTECTION 
WHEN CONNECTED AS IN FIG. 11 AND 12 


e IMMUNE TO ROTARY DIAL PULSING (BELL 
TAP) 


The LB1006 provides ringing detection functions 
from the Tip-Ring pair of a telephone loop. This de- 
vice provides approximately 1mA output current for 
two types of output drivers. The output can be 


Fig. 1 - Functional Diagram 


FULL WAVE RECT. 
IN VS. VIN 
SURGE PROTECTION 
& MAG. COMP. 


A|ViN| 
(MAG.) 


RINGING 
DETECTOR 
LOGIC 





PIN DESCRIPTION 


Pin Symbol 
T 


| 
< 
+ 


OUTH 
MIRROR 
OUTL 


O}a;ya;rmo;—-] oa 


GND Ground 
No connection 


z 
OQ 


Minidip A Plastic 


ORDERING NUMBER: LB1006AB 





connected to either an opto-isolator device or to a 
logic interface with a microprocessor. 


REF. CURRENTS 


AND 
REF. VOLTAGES 


(INTERNAL 


CONNECTIONS) 


Description 


Pp AC input signal from telephone line 

RING AC input signal from telephone line 

Sources current when ringing is detected 
Mirror current from OUTH to activate pin OUTL 
Sinks current when ringin is detected 


Internal supply voltage. This voltage is usually derived from the AC signal which is 
present on the Tip-Ring pair. This pin must have a 10 pF capacitor to common for 
energy storage and «smoothing» purposes. For «stand alone applications», an external 
voltage may be used to bias this pin. 
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PIN CONFIGURATION 







RP [Jj 1 TP 
OUT H LJ 2 |_| COMMON 
MIRROR [J 3 V+ 
BLANK L] 4 |} OUTL 


ABSOLUTE MAXIMUM RATINGS 












Supply Voltage (ref to GND) 
Supply Voltage (ref to GND) 















OUTL | Supply Voltage (ref to GND) 
TIP | Voltage (Tip-Ring) V 
lo Operating Current (Tip-Ring) mA 
ImiR_ | Mirror Current 2.0 mA 
TA | Ambient Operating Temperature Range —~20to +75} °C 
Tstg | Storage Temperature Range —40 to +125} °C 
Pin Temperature (Soldering, 15 sec) 300 °C 
Power Dissipation (Package Limitation) 600 mW 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Power Supply Current }V+=28V (See Fig. 2) | 200 | 365 | 900 

Power Supply Current V+ =15V (See Fig. 2) | 200 360 

OUTH Current Vrip=V+ =15V (See Fig. 5) | 540 | 900 | 1040 | 

OUTL Current ViipeV ee t5¥ (See Fig. 4) | 750 | — | 1400 

Mirror Current IMIRROR = 1.0MA, VoyT. =5.0V 750 1400 
(See Fig. 8) 

Tip Current, No Load 0.25 | 1. ; 


Ring Current, No Load VTIP-RING = —20V (See Fig. 7) | — 


Input Threshold Voltage, Tip-Ring V+ =10V (See Fig. 6) 
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TEST CIRCUITS 
Fig. 2 Fig. 3 


ITP or IRP ——@m» 


7 6 5 
COM V+ OUTM 


7 6 5 
COM V+ OUTM 





OUT H MIRROR RP OUT H MIRROR 
2 3 VTP-RP 1 2 3 





Fig. 4 Fig. 5 


8 7 6 5 
TP COM V+ OUTL 


RP OUT H MIRROR 
1 2 3 1 2 3 





Fig. 6 Fig. 7 


8 7 6 5 


TP COM V+ OUTM TP COM V+ OUT M 


VTP-RP 


DETECT 
RINGING 


RP OUT H MIRROR 
1 2 3 


RP OUT H MIRROR 
1 2 3 


0—9 Vv" 
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TEST CIRCUITS (Continued) 


Fig. 8 Fig. 9 
MIRROR CURRENT 


8 7 6 5 7 6 5 
TP COM V+ OUTL COM V+ OUTM 
TwaRoR 


RP OUT H MIRROR OUT H MIRROR 
1 2 3 2 3 4 





APPLICATION Fig. 10 - Simplified Output Diagram 


The LB1006 detector derives its power by rectifying 
the AC ringing signal from the Tip-Ring pair of a 
telephone loop. It operates over widely varying rin- 
ging waveforms (15 to 68 Hz at 40 to 150 Vrms). 
It uses this derived power to activate ringing de- RINGING DETECTED 
tector logic, and then transfers most of this power 
to an output current driver. There is essentially no 
loading under non-ringing conditions. This device 
has two outputs, OUTH and OUTL. The OUTH out- 
put is used to source output current when ringing 
is detected. The OUTL output will sink output cur- 
rent when the OUTH output is connected to the mir- 
ror input and when ringing is detected (see 
Application Diagram Figure 11 and 12). The devi- 
ce does not have to depend upon power derived 
from the Tip-Ring inputs to become operational. 
Connecting an external voltage source to V+ will 
also allow the device to operate in what is descri- 
bed as “‘Stand Alone Applications’. 





IRING DETECTED 


COMMON 


Fig. 11 - Typical Application for Opto-lsolator Drive 
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CIRCUIT COMMONT JT. 
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COMMON V+ OUT L 


OUTH MIRROR BLANK 
2 3 4 


louT = 900 pA ——> 
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APPLICATION (Continued) 


Fig. 12 - Typical Application for Interface Direct to Logic 


LOGIC 
(+V) 


i RPULL-UP 


RINGING DETECTED 
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7 6 5 
COMMON V+ OUT L 
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ADVANCED DATA 
AN AT&T PRODUCT 


KEYBOARD CONTROLLED, TOUCH TONE, 
BASIC SINGLE-CHIP TELEPHONE INTEGRATED CIRCUIT 


e BUILT-IN SCHOTTKY POLARITY GUARD 
e 1800 Hz/2250 Hz ALERTING SIGNAL 


e CAPABLE OF SPEECH TRANSMISSION 
DOWN TO 3 mA LOOP CURRENT 


e DRIVES PIEZOELECTRIC TRANSDUCER 
FOR ALERTING 


e TYPE B RINGER EQUIVALENCY 


e SIGNAL GROUND PIN ELIMINATES AN 
EXTERNAL CAPACITOR FOR DIAL-IN- 
HANDSET DESIGNS 


~e REQUIRES 3 CONTACT SWITCH HOOK 


e OPERATES FROM POWER SUPPLIED BY 
THE CENTRAL OFFICE 


e USES ELECTRET MICROPHONE WITH 
PREAMPLIFIER 


The LB1007 integrated circuit requires only four ca- 
pacitors, two resistors, a ceramic resonator, and 
surge protection diode to provide all of the elec- 


Fig. 1 - Functional Diagram 
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DIP-20 B Plastic 


ORDERING NUMBER: LB1007AE 


tronic functions. It provides four basic telephone 
functions as follows: furnishes AC and DC loop ter- 
mination during the on-hook state; transmits and 
receives voice signals; provides dual-tone multi- 
frequency (DTMF) signals to the central office; pro- 
perly distinguishes between spurious noise and ge- 
nuine ringing signals providing a distinctive audible 
alerter output. 


He ole 


Ca 
Os 


C. RINGER 


LOGIC 


POWER 
DISSIPATION 
DEVICE 





This is advanced information on a new product now in development or undergoing evaluation, Details are subject to change without notice. 
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PIN CONFIGURATION 


PIN DESCRIPTION 


Pin 
1 


ats 


ON Oo 


10 
12 


13 


14 


15 


16 


17 
18 
19 
20 


we) 
” 


- mink 
+ MO + 


= 


AL2 
AL1 


R4 


R2 
R1 


n 


2) 


a 


+ 


p 
RING 





Description 


Provide proper off hook termination impedance when connected through switch hook 
contact to V+. 


The most positive DC voltage on the device (must be filtered externally). This voltage 
is derived from the Tip-Ring inputs and is used to supply internal circuits. No current 
can be taken from V+ without changing the characteristics as shown in Figure 2. 


Turns on transmit/receive circuitry when connected through switch hook contact to V+. 


Output terminals for driving an alerter. The ringer logic distinguishes between genuine 
ringing and other noise signals present on the telephone loop, and provides a distinctive 
audible output. The alerter can be driven differentially or single ended. If the alerter is 
driven single ended to RP, the second output can be used to drive a visible indicator 
to RP. Volume can be adjusted by placing a resistor in series with terminals AL1 or AL2. 


Keypad inputs for columns 1 through 3. High-frequency touchtone signals are control- 
led by these inputs. These inputs are disabled when the telephone goes on hook. Single 
tones are generated when two rows or two columns are activated. Diagonal selections 
result in no tones. A high frequency and a low frequency tone can be generated by con- 
necting the appropriate column to the desired row pin via the keypad crosspoint switch. 
An alternative method for generating a single high frequency is to connect the appro- 
priate column to V+ through a 50k resistor. 


Keypad inputs for rows 1 through 4. Low-frequency touch-tone signals are controlled 
by these inputs. These inputs are disabled when the telephone goes on hook. Single 
tones are generated when two rows or two columns are activated. Diagonal selections 
result in no tones. See note for pins 6,7,8. An alternative method for generating a single 
low frequency is to connect the appropriate row pin to RP through a 50k resistor. 


Resonator connection. A 480 kHz ceramic resonator is placed between this pin and RP. 
This resonator is used to provide the precise frequency required to generate the DIT MF 
tones. 


Signal ground for use with the receiver output drive. The receive can be placed between 
this pin and RO without a decoupling capacitor. 


Receiver output. Optimum receiver impedance is 600 ohms, the circuit will provide 2 
dB less power to a 150 ohm receiver. A receiver can be placed between RO and RP 
or between RO and SG. If the receiver is connected between RO and FP, a decoupling 
Capacitor must be used. 


Input from transmitter which must be capacitively coupled. This input has a 40k input 
impedance. 


Tip signal input to polarity guard. This signal is supplied by the central office. 
Ring signal input to polarity guard. This signal is supplied by the central office. 
The Ring Prime terminal is the logic common or DC ground point. 


The driver terminal is used to dump extra line current to an external load resistor. This 
reduces the power consumption in the telephone chip on short loops. The terminal can 
be used to power an LED if desired. 
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 





VTIP 
ITIP 
Ptot 






oO 
Tstg 


THERMAL DATA 


RrH | Thermal impedance, junction to ambient °C/W 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Test Conditions 


Parameter 


OFF-HOOK DC TESTS 


VTIP 


VWw+ 


Vrip~ Vv + 


IDR 


ITIP,u.s 
ITIP,1,s 


lhys,s 
ITIP, Id 
Ihys,d 
VrRo~ VsG 


OFF-HOOK AC TESTS 
Gxmit = VTiP/VTXx 
Grev = Vacv/Vco 


RTx =VTxlitx 









ITjp =8mA, speech 
Itjp =20mA, speech 
ltjp =90mA, speech 
Irjp = 20mA, dialing 


Itjp = 8mA, speech 
Itjp =20mA, speech 
lpjp =90mA, speech 


It1jp = 20mA, dialing 


ltjp =20mA, speech 
ltjp =90mA, speech 
Itjp =20mA, dialing 
ITjp =90mMA, dialing 


Lower Switch Point, speech 


Itjp = 20mA, speech 
Itjp =20mA, dialing 





Itip =8mA 

IT|jp=20mMA Vtx =0.1Vrms 
Itjp =9O0MA 

Itjp = 20MA _ 

Irp = 90MA Vco = 0.5Vrms 


ITjp = 20MA VTx = 0.1Vrms 


























4.5 
1 


2. 


io) 


E 
Ola 
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0.25 
0.25 


| 
NM PY 
— 


Circuit Voltage 
Circuit Current 
Total Power Dissipation 
Operating Temperature 


Storage and Junction Temps. — 45 to 125 


0.45 


Typ 
7 
Ei 
eam 
a 
= 
toed 
| 40K | 


40K 













2.78 
3.20 
5.60 


3.15 





19.5 


16.0 
0.1 
0.1 
4.0 
4.0 
4.0 


0.45 





Unit 


mA 








ELECTRICAL CHARACTERISTICS (Continued) 


Test Conditions 


VRO = 0.1Vrms 


Parameter 


OFF-HOOK AC TESTS (Continued) 


RRo = VRo/iRo 
Rrip =Vtip/itip 


Gspt = Vacv/VtTx 


Vtip,1, low group out 
VTIP,p» high group out 
VTIP,e Extraneous voice-band signals 


VTIP,|h total DTMF, both groups 


Gxmit = VTiP/VTXx 
ON-HOOK DC TESTS 


ITIP 
Vtip,th, Thereshold of detection 


ITIP 


ON-HOOK AC TESTS 


VAL = VAL2— VAL1 


Itjp =20mMA 


Itjp = 20mMA 
Itjp =90mA 


Ipjp =8mA 
Tip = 20mA 
Itjp =90MA 


ncaa 


Vrip =3V 


Ringing detected ; 








Fig. 2 - Typical DC V-I Characteristics 
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Typ | Max | Unit 
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Note A: Shown is the hysteresis that occurs in going from 


‘the full-feature mode (where dialing can occur in the 


speech-mode) to the mode where only speeck circuits are 
active. 





APPLICATION 

Dual Tone Multi Frequency generation (DTMF) 

' This circuit is intended to operate with a 3-column, 
4-row external keypad. The keypad should be of 
the type which interconnects the appropriate row 
‘and column leads when a key is depressed. The 
interconnection resistance should be less than 1 
kQ. If two row keys with the same column are de- 
pressed, a single frequency corresponding to that 
column will be generated. In a similar manner, two 
column keys with the same row will generate that 
row’s fequency. If two keys are depressed which 
do not have a common row or column, no tones 
will be generated. The DTMF can also be control- 
led with a microprocessor by driving the inputs 
through 50k0 resistors. A logic ““high’’ on a column 
input will generate the appropriate column frequen- 
cy. A logic “‘low’”’ on a row input will generate the 
appropriate row frequency. A row and column must 
be selected to generate a dual frequency tone. 
The frequencies associated with each row and co- 
lumn pin are shown in Table 1. 


Ringing Alerter 

The ringing detector determines the presence of 
a true incoming ringing signal by incrementing an 
up/down counter depending upon the instanta- 
neous magnitude of the incoming signal. The ex- 
ternal series RC network has been selected to 
optimize discrimination between valid ringing si- 
gnals and extraneous noise signals. It also provi- 
des an on hook type B ringer equivalency. Alerter 
outputs AL1 and AL2 can be used to drive an ex- 
ternal piezoelectric transducer. The load can be ap- 
plied from AL1 to RP for single ended drive or 
between AL1 and AL2 for differential push-pull drive 
(larger amplitude). The volume can be reduced by 
placing resistors in series with the load. The aler- 
ting signal is a square wave alternating between 
1800 Hz and 2250 Hz at a 20 Hz repetition rate. 


Polarity Guard: 
A Schottky diode bridge (on chip) ensures proper 





voltage polarity on the device, with a 1.2 V drop 
(at approx. 20 mA) across the bridge rectifier. 


Oscillator: 

An external 480 kHz ceramic resonator, in conjunc- 
tion with an internal oscillator control circuit, is used 
to provide timing functions for the logic circuits, oe 
Figure 3. Note 4). 


Power Conditioner: 

This set of circuits provides accurate temperature 
compensated current and voltage references for 
the other circuit blocks. It also sets the loop loa- 
ding and digital reset states for the various types 
of operation, i.e., on-hook, off-nook, and multiple 
telephone sets. 


Speech Network: 

This analog circuit block provides proper transmis- 
sion levels in both directions. Since the local tal- 
ker’s signal is larger than (on the average) the 
received signal at the telephone set terminals, an 
out-of-phase portion of the transmitted signal is also 
sent to the receiver. This proportion is designed 
to provide a level in the talker’s ear (the ‘‘sideto- 
ne’’) between ‘‘too hot’ and ‘“‘dead’’. the DTMF D/A 
converter is placed in the transmit path during dia- 
ling, while the receive-gain path is simultaneously 
attenuated. 


External Components: 


_As shown in the functional diagram (see Figure 1) 


the LB1007 IC needs only four capacitors, two re- 
sistors, a 480 kHz ceramic alerter, and a surge pro- 
tection diode to provide basic touch-tone electronic 
functions. An alerter, a telephone set (containing 
the transmitter and receiver) and a keypad with a 
maximum series resistance of 1kQ are also illu- 
strated. 


The application diagram (see Figure 3) contains 
more detailed information. It shows components for 
connecting to the telephone loop and optional con- 
nection components. 








APPLICATIONS (Continued) 


Table 1 
Pin Name 
R1 
R2 
R3 
R4 
C1 
C2 
C3 


Keypad Input 
Row 1 
Row 2 
Row 3 
Row 4 

Column 1 
Column 2 


Column 3 


Fig. 3 - Typical Application Diagram 


TIP ey 


STATIC SHIELD 


NOTES: 


Tones (Design Value) 
697 Hz 
770 Hz 
852 Hz 
941 Hz 
1209 Hz 
1336 Hz 
1447 Hz 


ELECTRET MICROPHONE 
WITH PREAMP 





SEE NOTE 1 


nod 
B00 ee 
god : 
el 


SEE NOTE 5 





1. 18V, 150 amp surge protector. (LS5018) 
2. For 4-wire interface, pin SG is open and dotted-line options are connected. 
3. SH denotes Switch Hook. | 


4. Ceramic resonator. 


C3 


! 
22 nF 


ALERTER 


COMMON 


20 


= 
380 
19 


480 kHz 
13 


; I 
4 SEE NOTE 4 _1 SEE NOTE 2 





\ 
| 
L 
C4 2 .F 


5. Keypad inputs can be microprocessor controlled if 50kQ resistors are placed in series. 
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ADVANCE DATA 
AN AT&T PRODUCT 


KEYPAD CONTROLLED, ENHANCED SINGLE-CHIP 
TELEPHONE INTEGRATED CIRCUIT 


e AN ALERTER SELECT OPTION OF 
1200 Hz/1500 Hz OR 1800 H2z/2250 Hz 


_@ CAPABLE OF SPEECH TRANSMISSION 
DOWN TO 3mA LOOP CURRENT 


_@ OPERATES FROM POWER SUPPLIED BY THE 
CENTRAL OFFICE 


e SIGNAL GROUND PIN ELIMINATES AN 
EXTERNAL CAPACITOR FOR DIAL-IN- 
HANDSET DESIGNS 


e REQUIRES A 2 CONTACT SWITCH HOOK 


e COMPATIBLE WITH ELECTRET 
MICROPHONE 


e PROVIDES A POWER PORT FOR DRIVING A 
LED 


The LB1008 integrated circuit requires only four ca- 
pacitors, two resistors, a ceramic resonator, a surge 
protection diode, and a polarity guard to provide 
all of the touch-tone electronic functions. Four 


Fig. 1 - Functional Diagram 


480KHZ 


RESONATOR 


SURGE 
PROTECTOR 


RING 


=e FILTER 


aE de 


C7) FREQUENCY SELECT 


AS 
i ALI 
[ese | RINGER ns cman ff 
LOGIC AL? 
RS 
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ORDERING NUMBER: LB1008AE 





basic telephone functions are accomplished: fur- 
nishes AC and DC loop termination diring the on- 
hook state; transmits and receives voice signals wi- 
thin performance guidelines (including transducer 
variations); provides dual-tone multi-frequency 
(DTMF) signals to the Central Office; properly di- 
stinguishes between spurious noise and genuine 
ringing signals providing a distinctive audible aler- 
ter output. 


ALERTER 


OS 
ALERTER 


Tearacttor i POWER DISSIPATION DEVICE 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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PIN CONFIGURATION 





PIN DESCRIPTION 


Pin Description 


1 V+ The most positive DC voltage (must be filtered externally). This voltage is derived from 
the Tip-Ring input and is used to supply internal circuits. No current can be taken from 
V+ without changing the characteristics as shown in Figure 3. 


2 S Turns on trasmit/receive circuitry when connected through switch hook contact to V + 


AL2 Output terminals for driving an alerter. The ringer logic distinguishes between genuine 
AL1 ringing and other noise signals present on the telephone loop, and provides a distinctive 
audible output. 

The alerter can be driven differentially or single ended. If the alerter is driven single en- 
ded to RP, the second output can be used to drive a visible indicator to RP. Volume 
can be adjusted by placing a resistor in series with terminals AL1 or AL2. 


& 
Ar 


5 AS Logic input used to determine alerter frequency. This pin can be programmed via a mi- 
croprocessor or mechanically set to provide an output frequency of 1200 Hz shifted to 
1500 Hz, (AS pin set to logic low or left open), or 1800 Hz frequency shifted to 2250 
Hz, (AS pin set to logic high or pulled up to V+ through a 100kQ resistor). 


6 C3 Keyboard inputs for columns 1 through 3. High frequency touchtone signals are control- 
7 C2 led by these inputs. These inputs are disabled when the telephone goes on hook. Single 
8 C1 | tones are generated when two rows or two columns are activated. Diagonals result in 


no tones. A high frequency and a low frequency tone can be generated by connecting 
the appropriate column to the desired row pin via the keypad crosspoint switch. An alter- 
native method for generating a single high frequency is to connect the appropriate co- 
lumn to V+ through a 50k resistor. 


9 R4 Keypad inputs for rows 1 through 4. Low frequency touch-tone signals are controlled 

10 R3 by these inputs. These inputs are disabled when the telephone is on hook. Single tones 

11 R2 are generated when two rows or two columns are activated. Diagonals result in no to- 

12 R1 nes. See note for pins 6, 7, 8. An alternative method for generating a single low frequen- 
cy is to connect the appropirate row pin to RP through a 50k resistor. 

13 OS Resonator connection. A 480 KHz ceramic resonators is placed between this pin and 
RP. This resonator is used to provide the precise frequency required to generate the 
DMTF tones. 
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PIN DESCRIPTION 


Pin | Name Description 

14 SG Signal Ground for use with the receiver output drive. The receiver can be placed bet- 
ween this pin and RO without a decoupling capacitor. 

15 Receiver Output. Optimum receiver impedance is 6000Q, the circuit will provide 2 dB less 
power to a 1500 receiver. A receiver can be placed between RO and RP or between 
RO and SG. If the receiver is connected between RO and RP, a decoupling capacitor 
must be used. 

16 TX Input from transmitter which must be capacitively coupled. This input has a 40kQ input 
impedance. 

17 TP The Tip Prime terminal is the more positive input to the Power Conditioner and Speech 
Network. It connectes to Tip-Ring on the positive side of the polarity guad. 

18 No connection. This pin may not be use as a tie point for external circuitry. 

19 The driver terminal is use to dump extra line current to an external load resistor. This 
reduces the power consumption in the telephone chip on short loops. The terminal can 
be use to a power an LED if desired. 

20 PRPs The Ring Prime terminal is the the logic common or DC ground point. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 









Parameter 






Circuit Voltage 
Circuit Current 
Total Power Dissipation 
Operating Temperature 
Storage and Junction Temps. 






Ptot 







THERMAL DATA | 
RtH | Thermal impedance, junction to ambient °C/W 


ELECTRICAL CHARACTERISTICS (at 25°C unless othewise specified) 


Parameter ‘ Test Conditions 





















Vtp Itp =8mA, speech 
Itp =20mA, speech 
lrp = 90mA, speech 
Itp =20mA, dialing 

Vv 4 Itp =8mA, speech 





lrp = 20mA, speech 
lrp = 90mA, speech 


Vrp-Vv4 Itp =20mA, dialing 










lor Itp =20mA, speech 

Itp = 90mA, speech 

Itp = 20mA, dialing 

Itp = 90mA, dialing 
ITP,u,s Upper Switch Point, speech 
ITP.Ls Lower Switch Point, speech 
Ihys,s ITP,u,s — ITP, Is 
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ELECTRICAL CHARACTERISTICS (Continued) 


Test Conditions Twin | Typ | Max | Unit 
Lower Switch Point, dialing | 120 | — | 160 | 
rpus-treus | 88 | = | 
lrp =20mA, speech -0.1 0.1 V 
Irp = 20mA, dialing —0.1 0.1 


Parameter 
OFF-HOOK DC TESTS (Continued) 
ITP,d 
Ihys,d 
Vro- VsG 


OFF-HOOK AC TESTS 


Gxmit = VTP/VTXx 


Grev=vYrcv/Vvco 


Rtx =vTx/itx 
‘RRO =VRO/iRO 


Rtp=Vtplitp 


Gspt = vacv/VTx 


VtTp,|, low group out 
VtTp,h» high group out 
VTp,e Extraneous voice-band signals 


VTP,i,h total DTMF, both groups 


Gxmit = VTP/VTx 
ON-HOOK DC TESTS 


ITP 
Vtp,th, Thershold of detection 


ITP 


ON-HOOK AC TESTS 


VAL = VAL2— VAL1 








Itp =8mA 4.3 6.2 
Itp=20mMA ss vt x = 0.1Vrms 6.2 8.9 

Itp =90mA 4.3 6.2 — 
Itp =20mA 2 0.25 

pp = 90mA Vco =0.5Vrms 

l7p=20mMA vx = 0.1Vrms | | 

Itp=20MA ses Vag = 0.1Vrms | 

Itp =20mA 7 650 

Ipp =90mA Vco = 0.5Vrms 650 


Itp =8mA 
lrp =20mA 
Itp =90MmA 


VTx =0.1Vrms 
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Fig. 2 - DC Loop Operation Dial Mode 
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APPLICATION 


Dual Tone Multi Frequency generation (DTMF) 
This circuit is intended to operate with a 3-column, 
4-row external keypad. The keypad should be of 
the type which interconnects the appropriate row 
and column leads when a key is depressed. The 
interconnection resistance should be less than 1kQ. 
If two row keys with the same column are depres- 
sed, a single frequency corresponding to that co- 
lumn will be generated. In a similar manner, two 
column keys with the same row will generate that 
row’s fequency. If two keys are depressed which 
do not have a common row or column, no tones 
will be generated. The DTMF can also be control- 
led with a microprocessor by driving the inputs 
through 50k resistors. A logic “‘high’’ on a column 
input will generate the appropriate column frequen- 
cy. A logic ‘‘low’’ on a row input will generate the 
appropriate row frequency. A row and column must 
be selected to generate a dual frequency tone. 
The frequencies associated with each row and co- 
lumn pin are shown in Table 1. 
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Fig. 3 - DC Loop Operation Speech Mode 
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Ringing Alerter 

The ringing detector determines the presence of 
a true incoming ringing signal by incrementing an 
up/down counter depending upon the instanta- 
neous magnitude of the incoming signal. The ex- 
ternal series RC network has been selected to 
optimize discrimination between valid ringing si- 
gnals and extraneous noise signals. It also provi- 
des an on hook type B ringer equivalency. Alerter 
outputs AL1 and AL2 can be used to drive an ex- 
ternal piezoelectric transducer. The load can be ap- 
plied from AL1 to RP for single ended drive or 
between AL1 and AL2 for differential push-pull drive 
(larger amplitude). The volume can be reduced by 
placing resistors in series with the load. The aler- 
ting signal is a square wave alternating between 
1800 Hz and 2250 Hz (AS high, or 1200 Hz and 
1500 with AS low) at a 20 Hz repetition rate. 








APPLICATION (Continued) 


Polarity Guard: 

An external bridge rectifier ensures proper volta- 
ge polarity on the device, with a minimum voltage 
drops across the bridge rectifier. 


Oscillator: 
An external 480 kHz ceramic resonator, in conjunc- 
tion with an internal oscillator control circuit, is used 
to provide timing functions for the logic circuits, (see 
Figure 4). 


Power Conditioner: 

This set of circuits provides accurate temperature 
-compensated current and voltage references for 
the other circuit blocks. It also sets the loop loa- 
ding and digital reset states for the various types 
of operation, i.e., on-hook, off-nook, and multiple 
telephone sets. For loop current greater than 5mA, 
the DR port can be used to power an electret 
preamplifier or an external LED. 


Speech Network: 

This analog circuit block provides proper transmis- 
sion levels in both directions. Since the local tal- 
ker’s signal is larger than (on the average) the 


received signal at the telephone set terminals, an 
out-of-phase portion of the transmitted signal is also 
sent to the receiver. This proportion is designed 
to provide a level in the talker’s ear (the ‘‘sideto- 
ne’’) between ‘‘too hot” and ‘‘dead’’. the DTMF D/A 
converter is placed in the transmit path during dia- 
ling, while the receive-gain path is simultaneously 
attenuated. 


External Components: 

As shown in the functional diagram (see Figure 4) 
the LB1008 needs only four capacitors, an exter- 
nal polarity guard, two resistors, a 480 kHz cera- 
mic alerter, and a surge protection diode to provide 
basic touch-tone electronic functions. An alerter, 
a telephone set (containing the transmitter and re- 
ceiver) and a keypad with a maximum series resi- 
stance of 1kQ are also illustrated. 


The application diagram (see Figure 4) contains 
more detailed information. It shows components for 
connecting to the telephone loop and optional con- 
nection components. 


Table 1 
Pin Name Tones (Design Value) 
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POLARITY 


ELECTRET 
WITH 
PREAMP 


NOTES: 

1. 18V, 150 amp surge protector. (LS5018) 

2. SH denotes switch hook. 

3. Options for 5-wire handset (eliminating C4) are shown. 


4. Ceramic Resonator. 
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PRELIMINARY DATA 
AN AT&T PRODUCT 


MICROPROCESSOR CONTROLLED, SINGLE-CHIP 
TELEPHONE INTEGRATED CIRCUIT 


® CAPABLE OF SPEECH TRANSMISSION 
DOWN TO 3mA LOOP CURRENT 


e A FEATURE MODE FUNCTION INDICATES 
POWER PORT (DR) STATUS 


e PROVIDES A POWER PORT FOR DRIVING 
A LED OR A MICROPROCESSOR 


e AN ALERTER SELECT OPTION OF 1200 Hz/ 
1500 Hz OR 1800 Hz/2250 Hz 


e REQUIRES ONLY A 2 CONTACT SWITCH 
HOOK 


e COMPATIBLE WITH ELECTRET 
MICROPHONES 


e OPERATES FROM POWER SUPPLIED BY 
THE CENTRAL OFFICE | 


The LB1009 integrated circuit requires only four ca- 
pacitors, one resistor, a ceramic resonator, a tran- 
sistor, a surge protection diode, and a polarity 
guard to provide all of the touch-tone electronic 
functions. Four basic telephone functions are ac- 


Fig. 1 - Functional Diagram 
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complished: furnishes AC and DC loop termination 
for both switch hook states; transmits and recei- 
ves voice signals; provides dual-tone multi- 
frequency (DTMF) signals to the Central Office; pro- 
perly distinguishes between spurious noise and ge- 
nuine ringing signals providing a distinctive audible 
alerter output. 
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PIN CONFIGURATION RP (1 NC 
V+ 2 VR 
SW 3 DR 
AL2 (] 4 TP 
AL1 5 TX 
AS 6 RO 
D4 7 Os 
D3 8 FM 
D2 9 ST 
D1 10 DO 

PIN DESCRIPTION 

Pin | Name | Description 

1 The Ring Prime terminal is the more negative input connected to Tip-Ring on the negati- 
ve side of the polarity guard bridge. It is also the logic common (ground) point. 

2 V+ The most positive DC voltage (filtered) on the device. This voltage is derived from the 
Tip-Ring inputs. It is used to supply internal circuits. 

Turns on Transmit/Receive circuitry when connected through switch hook contact to TP. 

4 AL2 Output terminals for driving an alerter. The ringer logic distinguishes between genuine 

5 AL1 ringing and other noise signals present on the telephone loop, and provides a distinctive 
audible output. 

The alerter can be driven differentially or single ended. If the alerter is driven single en- 
ded to RP, the second output can be used to drive a visible indicator to RP. Volume 
. can be adjusted by placing a resistor in series with terminals AL1 or AL2. 

6 AS Logic input used to determine alerter frequency. This pin can be programmed via a mi- 
croprocessor or mechanically set to provide an output frequency of 1200 Hz shifted to 
1500 Hz, (AS pin set to logic low or left open), or 1800 Hz frequency shifted to 2250 
Hz, (AS pin set to logic high or pulled up to V+ through a 100kQ resistor). 

7 D4 DTMF signals are controlled by these inputs via a microprocessor. These inputs are di- 

8 D3 sabled when the telephone goes on-hook and in the low power mode (FM open). These 

9 D2 inputs are CMOS and TTL compatible (See Table 1) 

10 D1 

11 DO 

12 Data Strobe from microprocessor. It loads the DTMF inputs on a rising edge pulse. 

13 FM Feature Mode is an open collector output which shorts to RP when the telephone goes 
off-hook. Long loops (with two telephones off-hook) can result in a ‘“‘speech only, low 
power’ mode of operation. FM will ‘‘open circuit’? under these conditions. 

14 OS Resonator connection. This logic is designed to operate with a some 480 KHz ceramic 
resonator. The resonator frequency is divided down to perform various synchronous clock 
tasks. 

15 ROO Output to 6000 receiver, capacitively coupled. 

16 Input from the transmitter, capacitively coupled. 

17 TP The Tip Prime terminal is the more positive input to the Power Conditioner and Speech 
Network. It connects to Tip-Ring on the positive side of the polarity guard bridge. 

18 A low impedance regulated port for powering a microprocessor and transmitter. Currents 
(in the full feature mode) will provide a minimum of 800A for a maximum of 3.3 volts. 
Excess set current not used by internal circuits will appear on DR to power external cir- 
cuits. Current not used by external circuits will be passed to RP via an external PNP 
transistor. 

19 VR This voltage is a reference when the set is off-hook. When connected to DR via PNP 
transistor (see Fig. 4), a regulated voltage is produced on DR. 

20 No connection. This pin may not be use as a tie point for external circuitry. 
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Circuit Voltage 
Circuit Current 





ITP 












Ptot | Total Power Dissipation Ww 
Top | Operating Temperature °C 
Tstg, Tj| Storage and Junction Temps. —45to 125 |} °C 





Pin temperature (soldering 15 sec) 300 


THERMAL DATA 


Rty | Thermal impedance, junction to ambient °C/W 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 













Vtp lrp = 8mA, speech 
Itp =20mA, speech 
ltp =90mA, speech 
Irp = 20mA, dialing 
Vv+ lrp =8mA, speech 2.66 2.78 V 
Itp =20mA, speech 2.75 3.20 
lrp = 90mA, speech 4.50 5.60 
Veo Wey lrp =20mA, dialing 
IDR Itp =20mA, speech 


lrp =90mA, speech 


Ipp =20mA, dialing 
ltp = 90mA, dialing 


ITP.u,s Upper Switch Point, speech 
ITP.Is Lower Switch Point, speech 11.5 


lhys,s ITP,u,s— !TP,i,s 4.5 





19.5 


16.0 
0.1 
if 
6.2 
8.9 
6.2 


mA 


—_ 

on 

ol 
< 
TG 


—_ 


ITP,I,d Lower Switch Point, dialing 2.0 
ia : 


Vro-Vse@ Itp =20mA, speech —0. 
Itp = 20mA, dialing —0. 


OFF-HOOK AC TESTS 





Gxmit = VTP/VTx Itp=8mA 
lpp = 20mA VTx = 0.1Vrms 
Itp = 90mMA _ 
Grcv = Vracv/vco lrp=20mA - 0.21 0.30 
Eesooma,  “cO=0-SviIms 0.21 0.30 


AOA is) 
— ath 
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ELECTRICAL CHARACTERISTICS (Continued) 


Parameter 
OFF-HOOK AC TESTS (Continued) 
Rtx = Vrx/itx 
Rro = VRo/ino 


Rtp =Vtplitp 


Gspt = Vracv/VtTx 


Vrp,|, low group out 
VTp,h, high group out 
VTp,e Extraneous voice-band signals 


VTp,i,h total DTMF, both groups 


Gxmit = VTP/VTX 
ON-HOOK DC TESTS 


ITP 
Vtp.th, Threshold of detection 


ITP 


ON-HOOK AC TESTS 


VAL = VAL2~ VAL1 


Test Conditions 
lrp = 20mA VTx =0.1Vrms 
lpp =20mA VRo = 0.1Vrms 


Vco = 0.5Vrms 


VTx = 0.1Vrms 


Itp=20mA 
Itp = 20mA 
lpp =20mA, dialing 





ltp =90mA, dialing 
ltp = 20mA, VTx =0.1Vrms dialing 
Ringing detected 
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Fig. 2- Typical DC V-I Characteristics (Dial Mode) 
8.0 


— 


VOLTAGE (V) 


DC CURRENT (mA) 





0 10.0 20.0 30.0 40.0 50.0 
Note 1 Voltages measured with respect to Ring Prime (RP) 


APPLICATION 
(Refer to Functional Diagram, Fig. 1) 


Polarity Guard: 

An external bridge rectifier (see Figure 4) ensures 
proper voltage polarity on the device, with a mini- 
mum voltage drop across the bridge rectifier. 


Oscillator: 

An external 480 KHz ceramic resonator, in conjunc- 
tion with an internal oscillator control circuit, is used 
to provide timing functions for the logic circuits. 


DTMF Generation Logic: 

This circuit connects to a microprocessor. The lo- 
gic circuitry decodes the microprocessor input sta- 
tes to generate accurately timed digital control 
signals for a D/A converter. 


Ringer Logic: 

This circuit determines the presence of a true in- 
coming ringing signal by up or down counting, de- 
pending upon the instantaneous magnitude of an 
incoming transient. After a positive decision, the 
logic provides suitable timed inputs to an external 
alerter device. Volume can be controlled by pla- 
cing resistors in series with leads AL1 or AL2. See 
“AS” pin description for alerter frequency-select 
capability. 


Power Conditioner: 

This set of circuits provides accurate temperature 
compensated current and voltage references for 
the other’circuit blocks. It also sets the loop loa- 
ding and digital reset states for the various types 
of operation, i.e., on-hook, off-hook, and multiple 
telephone sets. 


Speech Network: 
This analog circuit block provides proper transmis- 
sion levels in both directions. Since the local tal- 
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Fig. 3 - Typical DC V-I Characteristics (Speech Mode) 


VOLTAGE (V) 


DC CURRENT (mA) 





ker’s signal is normally larger than the received si- 
gnal at the telephone set terminals, an out-of-phase 
portion of the transmitted signal is also sent to the 
receiver. This proportion is designed to provide a 
level in the talker’s ear (the ‘‘sidetone’’) between 
“too hot”’ and ‘‘dead’’. The DTMF D/A converter 
is placed in the transmit path during dialing, while 
the receive-gain path is simultaneouly attenuated. 
Transmit mute is provided independently of recei- 
ve mute and is under control of the microproces- 
sor. Transmit mute is not functional in the speech 
only mode (telephone set current is below appro- 
ximately 16mA). When transmit mute is functional, 
it provides a minimum of 40 dB attenuation. 


Driver (DR) and Voltage Regulator (VR) Ports: (see 
Pin Description Key) 


External Components: 

Only two switch hook contacts are required with 
this device. In going off-hook, the contact connec- 
ted to the SW pin should open simultaneously with, 
or before the other switch hook contact. As shown 
in the functional diagram (See Figure 1), the LB1009 
needs only four capacitors, one resistor, a ceramic 
resonator, a transistor, a surge protection diode, 
and a polarity guard to provide all of the basic 
touch-tone electronic functions. An alerter, a tele- 
phone handset (containing the transmitter and re- 
ceiver), and a microprocessor are also illustrated. 


The application diagram (see Figure 4) contains de- 
tailed information. The LB1009 can be used in a 
4-wire handset application. 

A preamplifier circuit which can be used with a mi- 
crophone is shown in Fig. 5. 











Fig. 4 - Typical Application Diagram 
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NOTES: 

1. 18 volt, 150 amp surge protector. (LS5018) 

2. SH denotes switch hook. 

3. Value of R4 adjusts transmit gain for various applications. 





Fig. 5 - Electret Interface Circuitry 
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NOTE: This interface circuit may be used for some commercially available electrets. 
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Table 1 - Microprocessor Control Logic table. 


DTMF 


Signal Inputs Tones 


(Design Value) 
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| Dial 
ial 
| Dial 
| Dial 
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OCTAL LINE PROTECTOR 


e BI-DIRECTIONAL CLAMPING 


e CLAMP THRESHOLD TRACKS SUPPLY 
VOLTAGE TO 7.0 VOLTS 


e PROTECTS 8 LINES 


e INPUT STAND-OFF VOLTAGE UP TO 
65 VOLTS (AFTER ON-CHIP FUSE OPENS) 


The LB1010 integrated circuit is a bi-directional 
over-voltage/over-current limiting device that pro- 
tects up to eight digital lines. This circuit contains 
16 on-chip fuses, 8 voltage/current clamps, and a 
threshold reference which tracks the power sup- 
ply. In operation, transient on-line surges (within 
specified limits) are clamped to a safe level. Ho- 
wever, if an extraordinarily high current fault is de- 


Fig. 1 - Functional Diagram 
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tected (on the order of 1 amp), an on-chip fusing 
component will open, protecting your electronic 
circuits. 
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PIN CONFIGURATION 


A V+ 
B A 
Cc B 
INPUT/OUTPUT D Cc 
PINS 
E D OUTPUT/INPUT 
PINS 
F E 
G F 
ra G 
GND H 





COMPLEMENTARY INPUT/OUTPUT LEADS MAY BE 
INTERCHANGED FOR BIDIRECTIONAL OPERATION. 


PIN DESCRIPTION 


Description 


Input/Output Input/Output (I/O) pins A through H, respectively. The LB1010 device consists of eight 

(A-H) independent protector sections (Figure 1) designated by the letters A through H. Each 
protector section has two leads that may be used either as an input terminal or as an 
output terminal. 





9 GND Circuit common. This pin should be connected to system ground. 
10-17 Output/Input Output/Input (O/!) pins H through A, respectively. For reference purposes, pins 1 through 


(H-A) 8 are designated as I/O pins, while complementary pins 10 through 17 are designated 
as O/l pins. Unused I/O and O/I pins may float when not being used. 


18 External positive supply voltage pin range is 2.5 to 7.0 volts. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 





Ambient Operating Temperature Range 0 to +70 °C 
Storage Temperature Range —40 to +125} °C 
Pin Soldering Temperature (soldering, 15 sec) 300 °C 
Input Stand-off Voltage (after on-chip fuse opens)* 65 V 
Input Current Continuous, (each I/O and O/I pin) +15 mA 
Input Current 1% duty cycle (each I/O and O/I pin) +500 mA 
Input Current 50% duty cycle (each I/O and O/I pin) +50 mA 
Voltage (V+ to GND) 7.0 V 





* Rating applies from each I/O pin to its complementary O/I pin and vice versa. 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’”’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


symbol Parmeter | ____TestConions | min | Twp | max | Un 









IPs 4 Power Supply Current (See Fig. 2) | a0 | — | 22 | 
IBo+ | Positive Breakover Current (1) (See Fig. 5) | 100 | — | 200 | 
IBo— | Negative Breakover Current (1) . (See Fig. 5) | — 100 — 250 

2 mA 
IREL+ | Positive Release Current (2) (See Fig. 6) | 100 
IREL— | Negative Release Current (2) (See Fig. 6) |} —75 

I Leakage Current V+ =3.0V, Vij =0 (See Fig. 3) +1.0 

I Leakage Current V+ =3.0V, Vin=2.7V = (See Fig. 3) +10 pA 
VBo+ | Positive Breakover Voltage V+ =3.0V; l=Ipo+ (See Fig. 5) 4.8 

O O 


VBo+ | Positive Breakover Voltage V+ =5.0V; l=Ipo+ (See Fig. 5) : 
VBo— | Negative Breakover Voltage l=IBo- (See Fig. 5) } — 
Von+ | Positive On-state Voltage (See Fig. 5) 


j=) 


nN 
o|h 
o1 
< 


Von— | Negative On-State Voltage (See Fig. 5 2.0 


—_ 


mM; ot! -—- or | @& 
i A A ine a 


Nh 
on 


as 


2. 


io) 


) 
R+ Positive ON-State Resistance (See Fig. 5) 
R—- Negative ON-State Resistance (See Fig. 5) 


pF 


R Built in Fuse Resistance (See Fig. 4) 


fo) 
N 
dl 
ro) 
) 


' Notes 
1 Breakover current is that value of current applied to the specified pin at which the Breakover Voltage peak occurs 
(Figure 7). 


2 Abias current, 1% duty cycle force the device into a low impedance on-state condition. Reduce the current (as speci- 
fied in the following sentences) and measure the voltage on the pin to which the bias is applied (Figure 8). 
The Positive Release Current is recorded when the voltage on the specified pin equals V+. 
The Negative Release Current is recorded when the voltate on the specified pin equals zero. 
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TEST CIRCUITS 


Fig. 2 Fig. 3 
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TEST CIRCUITS (Continued) 
Fig. 6 





(Note 4) 
(Note3) 







OSCILLOSCOPE (see tig.8) 


onrnawmn nr wr - 


Note 3: This test applies to each I/O and O/! pin. 


4: A ramped bias current (1% duty cycle) is applied to the appropriate I/O or O/| pin. Breakover voltage is measured as the peak 
magnitude of voltage which occurs as the bias current is increased in magnitude form zero to value which forces the device into 
the low impedance on-state region of its characteristic (Figure 3). Polarity designations should be observed with respect to GND. 


CHARACTERISTIC CURVES 


Fig. 7 - Symbology For Test Characteristics 
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CHARACTERISTIC CURVES (Continued) 


Fig. 8 - Release Current Characteristics 
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Fig. 9 - Typical Operating Characteristics 
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Fig. 10 - Typical Operating Characteristics 
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CHARACTERISTIC CURVES (Continued) 


Fig. 11 - Typical Fusing Characteristics 
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Fig. 12 - Octal Line Protector Application Diagram 
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APPLICATION 


Figure 5 illustrates the connection for line protec- 
tion applications. No additional circuitry is needed 
with the LB1010 other than an 0.1nF ceramic by- 
pass capacitor as close as possible between devi- 
ce leads 9 and 18. 

The threshold reference circuit sets the potential 
above which the positve/negative clamps (see Fi- 
gure 1) will begin to clamp the data lines. Since 
the threshold voltage is a function of the external 
power supply voltage, this device can be used with 
a variety of logic families up to 7 volts. 

If the resulting line current, during a clamped con- 
dition, exceeds the values shown in Figure 4 the 
associated on-chip fuse will “‘open’’, permanently 
disconnecting the affected signal lines until a new 
LB1010 is installed. The maximum voltage which 
may be applied to an ‘“‘open”’ input line is 65 volts. 


O/I DIGITAL 


DATA LINES 











BATTERY FEED 


e BASIC BATTERY FEED FUNCTION AT A 
LOW COST 


e HIGH AC IMPEDANCE CHARACTERISTICS 
FOR BALANCED LINE, DIFFERENTIAL- 
MODE, VOICE-BAND SIGNALS 


e FULL INTERNAL LIGHTNING SURGE 
PROTECTION UP TO 4 AMPS. 


e DC VOLTAGE DROPS CAN BE ADJUSTED 
TO ACCOMODATE DIFFERENT PEAK 


SIGNAL LEVELS ORDERING NUMBER: LB1011AB 


The LB1011 is an electronic battery feed circuit 
which supplies DC currents to a telephone line with 





PRELIMINARY DATA 
AN AT&T PRODUCT 


Minidip-A Plastic 





minimal loading on the AC signals. The LB1011 is ties to either balanced or unbalanced lines. In the 
integrated as two complementary chips to supply balanced line application, this device helps to sup- 


DC currents of both negative and positive polari- press undesirable common-mode signals. 


Fig. 1 - Functional Diagram 
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PIN CONFIGURATION 


PIN DESCRIPTION 
Pin 


1 V+ 


2 CCP 
7 CCN 


TAPP 
TAPN 


: Oo) @ 


4 TIP 
5 RING 


fo.) 
< 
| 





Description 


This pin connects to the ‘‘most positive’ external power supply (in some cases 
this is ground) through an external resistor. This external resistor is a factor in 
determining the amount of current which will be supplied by the ‘‘Positive Line 
Feed”’ output. 


‘“‘Cross-Coupling’’, Positive and Negative respectively. A capacitor between the- 
se two pins (for balanced line applications) creates a high AC impedance bet- 
ween TIP and RING. Since full Tip-to-Ring voltage appears across these pins, 
it is recommended that a 1k ohm resistor be placed in series with the cross- 
coupling capacitor for surge protection purposes. 

Unbalanced line applications should connect the cross-coupling capacitor to 
ground so that the common-mode impedance of the output is greatly in- 
creased. 


Resistor tap pins. These terminals are used to adjust the ““‘DC VOLTAGE 
DROP” across the ‘Positive Line Feed’’ and the “‘Negative Line Feed’’ respec- 
tively. 

The nominal ‘DC VOLTAGE DROP’”’ is 3 voits when no resistors are connec- 
ted between pins 2-to-3 or pins 6-to-7 respectively. A short circuit between the- 
se same pins will produce a nominal voltage drop of 4 volts. Resistors 
connected between these pins will produce voltage drops varying between 3 
and 4 volts. 

A higher ‘“‘DC VOLTAGE DROP” (greater than 3 volts) may be desirable for 
high operating temperatures, or when the peak value of the AC signals exceed 
2.5 volts. 


Output of the ‘Positive Line Feed Supply’’. 
Output of the “Negative Line Feed Supply’’. 
This pin connects to the ‘“‘most negative’ external power supply through an ex- 


ternal resistor. This external resistor is a factor in determining the amount of 
current which will be supplied by the ‘“‘Negative Line Feed”’ output. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 


Ambient Operating Temperature Range —-20to + 70} °C 


Storage Temperature Range 


—40 to +125; °C 


Pin Soldering Temperature (t= 15 sec.) 300 °C 
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ELECTRICAL CHARACTERISTICS: (Ta =25°C unless otherwise specified) 


Parameter Test Conditions | Min | Typ | Max Unit 








DC Voltage Drop, Positive Line Feed ly 4 =50mA (See Fig. 3) V 
DC Voltage Drop, Positive Line Feed, ly, =50mA (See Fig. 4) ; V 
High-Level Mode TAPP shorted to CCP 





DC Voltage Drop, Negative Line Feed ly. = —50mA (See Fig. 3) }-2.50| - |-3.50| V 





DC Voltage Drop, Negative Line Feed, ly. = —50mA (See Fig. 4) | — 3.60 — 4.00 V 
High — Level Mode TAPN shorted to CCN 
Shunt Impedance (See Fig. 14) fia | — | — | KQ 
Common Mode (Longitudinal) Rejection . | Vij=1.0 Vrms, f=1kHz (See Fig. 12) | 45 dB 
RP1=RN1 (see fig. 5) 
Common Mode (Longitudinal) Rejection, | TAP shorted to CC (See Fig. 12) | 45 dB 
High-Level Mode Vin = 1.0 Vrms, f= 1kHz 
RP1=RN1 (see fig. 5) 

Distortion V(TIP to RING) =1.0 Vrms (See Fig. 13) | — | — | 20. % 
Distortion, High-Level-Mode TAP shorted to CC (See Fig. 13) 2.0 % 
V(TIP to RING) =2.0 Vrms 

TEST SPECIFICATION (Ta =25°C unless otherwise specified) 
Veep | PNP Base-Emitter Voltage IpNp =50mA (See Fig. 2) V 
AVpep | PNP Base-Emitter Voltage Change (See Fig. 2) 
AVpe_ep = Veep(100mA)-Veep(50mA) — 250 — 25 mV 
Veen | NPN Base-Emitter Voltage INPN =5O0mA (See Fig. 2) V 
AVp_en | PNP Base-Emitter Voltage Change (See Fig. 2) 
AVBEN = VeeEn(100MA)-Veen(50mA) +25 + 250 mV 


Vcep | PNP Collector-Emitter Voltage (See Fig. 3) V 
Vcen’ | NPN Collector-Emitter Voltage (See Fig. 3) V 


VBE BF Total Volts ly =50mA (See Fig. 4) 5.0 V 
$1, S2 Open 


AVer_ | BF Total Voltage Difference ly =100mA (See Fig. 4) 
$1, S2 Open 
AVpr = Vee(100mA)-Ver(50mA) + 600 mV 
VBF BF Total Volts (High Level Mode) ly =50mA (See Fig. 4) 7.2 9.4 V 
$1, S2 Closed 


BF Total Voltage Difference (High ly =100mA (See Fig. 4) | -—400 + 600 mV 
Level Mode) $1, S2 Closed 
AVepF = Var(100mA)-Vee(50mA) 
| 1.4 V 


Ve Forward Voltage Ir =200mA (See Fig. 5) _— 
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TEST SPECIFICATION (Continued) 





Ve | Forward Voltage I; =200mA (See Fig. 6) | om | 14 
Ip =75mA (See Fig. 10) | — | 14 | V 
VBo PNPN Breakdown Voltage ly = 35mA (See Fig. 5) | -10 | -8 | 
Vs __ | PNPN Sustain Voltage 1; =200mA S1 Closed (See Fig. 6) 
VBo PNPN Breakdown Voltage ly = —35mA S1 Closed (See Fig. 6) | -10 | -38 | 
Vs | PNPN Sustain Voltage 1;-200mA S1 Closed (See Fig. 6) 
Zs Shunt Impedance $1, S2 Open (See Fig. 11) 
Zs(in ohms) = 100/Vjy(in volt) 18 KQ 
Zs Shunt Impedance $1, S2 Closed (See Fig. 
Zs(in ohms) = 100/V (in volt) 18 KQ 
Le Longitudinal Balance $1, S2 open (See Fig. 
Lp =Log[Vy/Vn] (in dB) dB 
Le Longitudinal Balance $1, S2 Closed (See Fig. 
Lp =Log[Vi/Vin] (in dB) — 45 dB 
TuHp Distorsion Test $1, S2 Open Vin =1V rms 2 % 
(See Fig. 
TuHpD Distorsion High $1, S2 Closed Vij =2V rms 2 % 
(See Fig. 





TEST CIRCUITS 


Fig. 2 Fig. 3 





VBEN 
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TEST CIRCUITS (Continued) 


Fig. 4 Fig. 5 





Fig. 6 Fig. 7 





Fig. 8 Fig. 9 























TEST CIRCUITS (Continued) 
Fig. 10 Fig. 11 





0.25 V RMS 
1 KHz 
0.05 pF 
F 1 ko M Fi 1 KO 0.05 uF 
ig. 13 
Fig. 12 — | g = | 
+ + | , + + | 
23 V 23 V 23 V 23 V 


Q | fl 200 2 | 
t match to 0.1% t | match to 0.1% t 






TOTAL HARMONIC 
DISTORTION METERG 


4.0 nF 
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Fig. 14 
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EXTERNAL RESISTOR = 1 kQ 





10 102 103 


FREQUENCY (kHz) 


SURGE PROTECTION CHARACTERISTICS 


Internal surge protection circuitry (see Figure 1) in 
conjunction with external resistors, provides pro- 
tection against forward voltage surges. Reverse 
surges are dissipated through large internal dio- 
des bridged across each ‘“‘Line Feed’’ section. 

Forward surge protection consists of a composite 
PNPN device. This composite PNPN device can 


withstand surges as shown in Figure 15. It has a 
breakover point (Vgo) of about 9 volts as shown 
in Figure 16. After breakover, the output is clam- 
ped at less than 2 volts as long as the surge sour- 
ce supplies more than 150 mA. When the surge 
source drops below 150 mA, the PNPN device re- 
covers and normal operation resumes. 


Fig. 15 - Maximum Applied Forward Surge Limits (PNPN Composite Device) 
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Fig. 16 - Typical Voltage vs Current (PNPN Composite) 
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APPLICATION 


Figure 17 shows the LB1011 in a balanced line con- 
figuration. The complementary Positive and Nega- 
tive Line Feeds are capacitively cross-coupled. 
Differential signals on the balanced line (TIP-RING) 
do not disturb the AC ground at the center of the 
cross-coupled connection. Therefore, both circuits 
act as constant current sources which present a 
high shunt impedance of approximately 50K ohms. 
The cross coupling does not affect feedback for ei- 
ther DC or common-mode signals. Therefore, for 
common-mode noise, the two complementary po- 
wer supplies act as low impedance paths to ground 
through the resistors connected to V+ and V-. 
Common-mode rejection depends on the degree 
of matching between resistors RP1 and RN1. 
Figure 18 illustrates the LB1011 in a single-ended 
configuration in which it exhibits a very low DC im- 
pedance and a very high AC impedance. In some 
applications, where DC current needs to flow and 
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AC Current should be blocked, this LB1011 confi- 
guration can replace an inductor. It does not, ho- 
wever, have the phase and amplitude vs frequency 
characteristics of a true inductor or RL network. The 
TAPP connection (pin 2) permits an external resi- 
stor (RTAP) to change the “‘DC Voltage Drop”’ (see 
Figure 1). RTAP can be selected to raise the vol- 
tage from 3V (normal operating value) to as high 
as 4V. This voltage may be desirable for high ope- 
rating temperature, or if the peak voltage of the AC 
signal exceeds 2.5V. 

Since the ‘‘DC Voltage Drop’”’ is relatively constant, 
the current supplied to the line is controlled by the 
supply voltage, the external resistor to the supply, 
and the resistance shunting the line. For AC si- 
gnals, however, the capacitively-coupled ‘‘ground’”’ 
causes the LB1011 to operate as a constant-current 
source with an impedance of approximately 25 
Kohms. 





Fig. 17 - LB1011 Battery Feed Application Diagram (Balanced Configuration) 
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Fig. 18 - LB1011 AC Blocking, DC Current Feed Application 
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Note 1: Value of capacitor selected based on frequency requirements. 














BATTERY FEED 


e CAN DRIVE LOOP LENGTHS 
UP TO 1300 OHMS 


e COMMON-MODE REJECTION 
(LONGITUDINAL BALANCE) BETTER THAN 
60 dB. 


e LONGITUDINAL BALANCE AND AMPLIFIER 
GAINS ARE LASER TRIMMED 


e TTL COMPATIBLE “HOOK STATUS” 
INDICATOR 


e PROPER LINE MATCHING CAN BE 
PROVIDED WITH A 50:1 SCALED | 
NETWORK; I.E., 30K OHMS PROVIDES A 
600 OHM TERMINATION 


e SOON AVAILABLE IN MULTIWATT 15 
e 18-PIN PLASTIC POWER DIP 


The LB1012 is an electronic battery feed circuit 
which supplies a controlled DC current to the Tip- 


Fig. 1 - Functional Diagram 
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PRELIMINARY DATA 
AN AT&T PRODUCT 


1 
DIP-18 A Plastic 


ORDERING NUMBER: LB1012AD 





Ring pair of a telephone system. The battery feed 
circuitry presents a low impedance to DC, while 
presenting a high impedance to AC signals. This 
device contains input and output ports for voice- 
frequency signals, and a hook status output signal. 
The hook status output can be connected to an ap- 
propriate LED indicator or to a microprocessor. 
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PIN CONFIGURATION 


PIN DESCRIPTION 


Pin 


1 


rg 


8 


10 





11 


12 


16 


HOOK STATUS 


VREF 


z= 


< 
| 


C 


RING DRIVE 


RING SENSE 


DC GN 


AC GND 


TIP SENSE 


TIP DRIVE 


VAC OUT 













HOOK STATUS L| 1 18 LI IAC IN 
VREF (| 2 17 LJ VDC OUT 
NCL) 3 16 |] VAC OUT 
vV-L)4 15 LJ] V- 
V-(j5 14) v- 
V-L6 13 J V— 
RING DRIVE L} 7 12 LJ TIP DRIVE 
RING SENSE LJ 8 11 |] TIP SENSE 
DC GND LJ 9 10 |] AC GND 


Description 


Hook status output. When DC loop current exceeds 14mA, this terminal sinks 
1mA to ground and requires an external 5K pull-up resistor to +5 volts for TTL 
compatibility. Logic HIGH indicates an ‘‘on-hook’”’ condition, while logic LOW 
indicates an ‘‘off-hook’’ condition. 


This pin is an output from an internal reference voltage (approximately one-half 
of the V— voltage). A by-pass capacitor should be connected from this pin to 
signal ground to maximize power supply rejection characteristics. 


No connection. This pin should not be used as an external tie point. 


The most negative external supply voltage is connected to these pins. Pins 4, 
5 and 6 are physically connected together with a large metal area internal to 
the package. This same statement is true for pins 13, 14 and 15. All of these 
pins should be connected to the external V— supply and to a large plated area 
on its printed circuit board for heat dissipation. 


Output of Ring Drive Amplifier (RD). A protective resistor should go between 
this pin and the RING side of the active load (see Figure 1). 


Input to Ring Sense Amplifier (RS). This pin should be connected through a re- 
sistor to the RING side of the active load (see Figure 1). The separation of 
RING DRIVE and RING SENSE allows the use of a low-cost protective RC net- 
work (RP1 thru RP4 in Figure 1). 


High-current DC ground. This is the main source of TIP DC current. This pin 
connects directly to system ground. This pin is the most positive power supply 
connection. 


AC (signal) ground. All signal by-pass capacitors and the hybrid/CODEC 
ground should be connected directly to this pin. This AC GND pin should be 
connected directly to the DC GND pin. 


Input to Tip Sense Amplifier (TS). This pin should be connected through a resi- 
stor to the TIP side of the active load (Figure 1). The separation of TIP DRIVE 

and TIP SENSE allows the use of a low-cost protective RC network (RP1-RP4 

in Figure 1). 


Output of Tip Drive Amplifier (TD). A protective resistor should go between this 
pin and the TIP side of the active load (Figure 1). 


Low impedance output of op-amp (see Figure 1). A differential Tip-Ring signal 
input is converted to a single-ended output and is referenced to signal ground. 
This AC signal is —0.5 times (AC voltage from Tip-to-Ring). The DC bias on 
this pin is —3 volts. This pin requires a DC blocking capacitor. 
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PIN DESCRIPTION (Continued) 


Pin | Name Description 


17 VDC OUT This pin is an output from a loop length compensation path. A by-pass capaci- 
tor must be connected from this pin to signal ground so that a “DC only si- 
gnal’’ is present in the loop length compensation path. 

The voltage on this pin is directly proportional to loop length (approximately 
0.05 of the DC voltage from Tip-to-Ring). This pin could be used to control op- 
tional loop length functions. 


18 IAC IN This is the primary AC input signal (very low impedance) from the hybrid. It re- 
quires a DC voltage blocking capacitor. The DC bias on this pin is — 1.35 volts. 
The maximum AC signal is 40 »Arms. This produces a signal level of approxi- 
mately + 7dBm in a 600 ohm loop, without causing signal clipping. The AC 
component of Tip-to-Ring signal current is 100 times (IAC IN signal). 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 






Parameter 











Ambient Operating Temperature Range 0 to + 70 


Storage Temperature Range —40 to +125}; °C 
Pin Soldering Temperature (t= 15 sec.) 300 °C 
Power Dissipation (see Outline Drawing) * 2.0 WwW 
Voltage (GND to V—) 52 V 
Voltage (HOOK STATUS to V—) 57.5 V 
Current (TIP DRIVE) 50 mA 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


* Care in mounting and proper environment conditions are required to keep the operating temperature acceptably low. 
The package of this device has a thermal resistance of approximately 12 C/W to its mounting plane. The remainder 
of its environment (thermal resistance of wiring board mounting plane to ambient) should not exceed an additional 
30 C/W. Forced air circulation over the IC or high thermal conducivity wiring boards may be needed. 


Thermal impedance between the package and the connecting mounting path may be minimized by connecting the 
V— pins to as large a thermal conductive land area as is practical to place on the mounting board. See the V— pin 
description for additional information. 
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ELECTRICAL CHARACTERISTICS: (Ta + 25°C unless otherwise specified, default test circuit is in 











Fig. 2) 
Power Supply Current (OFF-HOOK) V — = —53 to —60 V (Ricop = 275 2) (See Fig. 4) 
Power Supply Current (ON-HOOk) |Loop=Open Circuit ss (See Fig. 2) | — 3.5 
TIP Current for Power Gate Threshold 3.0 | 8.0 | 
Loop Current for Hook Status Threshold | (Loop = 500 Q) (See Fig. 8) mA 
Loop Current 1500 (See Fig. 6) 

5000 (See Fig. 4) 
Transmit Loop Current Gain 
Receive Voltage Gain TIP-RING to VAC OUT (See Fig. 9) | 0.476 7 
Noise Voltage TIP, RING jLoop=s00@ (See Fig. 15) | — | 8.0 | dBmC 
VAC OUT Output Resistance With 2.0 k@ between VAC OUT & GND Rea 9 

(See Fig. 13) 

Longitudinal Resistance (See Fig. 14) 100 
TIP-RING Shunt Resistance ALoop = 150 — 4000 (See Fig. 12) | a0 | — | kQ 
IAC IN-Input Current Maximum Without Clipping (See Fig. 9) | 100 | — | pAPP 
VAC OUT Output Voltage (See Fig. 6) | 30 | — | VPP 





TEST SPECIFICATION 








Parameter Test Conditions Unit 


Vs = 53V unless otherwise stated 


Symbol 











Tip-Ring Voltage Balance Measure Vp.g at Rigag = 4002 and 


Rigag = 2752. Let AVgag =the 
difference of these two readings 


+75 
(See Fig. 3) 


Power Supply Current Measure current in VS power — 43 — 49.5 
supply lead Riggp = 2752 (See Fig. 4) 


60 V Power Supply Current Measure current in VS power — 43 — 49.5 
(See Fig. 4) 

On-Hook Poewr Supply Current |Measure current in VS —0.2 —3.5 
power supply lead (See Fig. 2) 
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mA 









TEST SPECIFICATION (Continued) 
Symbol 


VBG 


Vom 
AV 


VA,g 
Vac 


VT-R 


V16,G 


V16,G 
AV 


AVT.G 


AVT.G 


Test Conditions 
Vs =53V unless otherwise stated 


Rioop = 4002 See Fig. 3 


Rioop = 4000 

Open VS power supply lead 
1500 Voy = 26.5V 
Rioad = 1500 Voy = 26.5V 


Vom= — 26.5V, Rioap = 5000 


Current Gain, lac (iN) tO lloop | Measure V7_p at Ia= +0.05mA, —0.05mA 


VCOMMON-MODE 
Longitudinal Loop Error 


0 


Bandgap Voltage 

Tip-Ring Voltage 

VAC Out DC Level 

VAC Out DC Level 

VAC Out DC Shift 
VaG,GNpb Power Gate OFF 
Vac, GND Power Gate ON 
Hook Status OF 
Hook Status ON Voltage 


= 26.2 | - 26.3 | 
a ee 
| 390 | 470 
p= 1.2 | = 1.48 | 
5.75 | 62 | 
ei ee 
eee cal eal 
| = | +04 | 
a a 
es ee 
Lae) 
p= | 02 | 


“il 









Voltage gain, Vr.p to Vac 


Measure Vy7.p and Vac at 
lIa= +0.05mA and at In = —0.05mA. 
Ay = AVac/AVT_R 


Measure V7.p at Ip = +10mA, 


Rioop = 13002 (See Fig. 4) 


Measure Vac at lac = — 50pA, 
+ 50yA and compute difference(See Fig. 10) 











N 


| 
N 
oO 


lt1p = 100mA for 0.5 seconds minimum 


Tip-Ring Voltage Change Vom =26.5V Measure Vr7.g at 1500 


and at 4000 and calculate difference 


AC Out Source Resistance 


ai 


= 


Measure Vac at Ryac open and at 
Ryac = 20000. Then: 
2000(V[open] — V[2000}) 


Power Supply Rejection Rioad = 4000. Measure Vr.g at 


Vs= —53V, Vom= — 26.5V and at 
Vs = —45V, Von = — 22.5V 


Measure Vr7.g at Ip= +10mA and at 
Ip = —10mA, and calculate difference 


Noise {Short Loop Noise Rioad = 5000 (See Fig. 15) 
Noise |Long Loop Noise Rioad = 10000 (See Fig. 15) 


Longitudinal Resistance 


—_ 





| | 
—_ 
Nh 


| 





Unit 


mV 


mV 


mA 


mV 


mV 


mV 


< 


dBrne 








TEST CIRCUITS 


Fig. 2 - Basic Test Circuit 


4,5,6 
13,14,15 





Fig. 3 Fig. 4 


\(LOOP) 


R(LOOP) 
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TEST CIRCUITS (Continued) 


Fig. 5 Fig. 6 






V(T-R) 
V(16,Gnd) 


V(A.g) 





Fig. 7 Fig. 8 


5002 











TEST CIRCUITS (Continued) 







Fig. 9 
Vv | Eas 
( | ) 15002 
voc) 
(See note below) 7 
26.5V 

Note: With VDC open, set I(A)=0 and measure 

the voltage at VDC. Set V(DC) to this value 
Fig. 10 Fig. 11 


5002 
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TEST CIRCUITS (Continued) 


Fig. 12 Fig. 13 





V(CM) 


Fig. 14 Fig. 15 







CMRR > 100DB 







RMS-TO-DC 
CONVERTER 






C-MESSAGE 
BANDPASS 
FILTER 

GAIN = 10X 





V(NOISE) 
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CHARACTERISTIC CURVES 


Fig. 16 - Typical Loop Current versus 
Loop Resistance 
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FUNCTIONAL DESCRIPTION - 
(see Figures 1, 18 and Note 1): 


The LB1012 Battery Feed device supplies a con- 
trolled DC current from its own external V — power 
supply to a customer loop Tip-Ring pair (40 mA on 
loops up to approximately 600 ohms, decreasing 
to approximately 21 mA for 1300 ohm loops). Two 
precisely trimmed audio interface ports are provi- 
de: IAC IN, with a current gain of 100 to the Tip- 
Ring pair and the ‘TIP SENSE-to-RING SENSE”’ 
input with a voltage gain of —0.50 to VAC OUT. 
These gains make it possible to control the loop 
termination with impedances scaled 50-to-1 (i.e., 
30K ohms connected between VAC OUT and IAC 
IN looks like 600 ohms across Tip-to-Ring) as 
shown in Figure 18. Acommon-mode cancellation 
feature provides 75 ohms loading for common- 
mode Tip-Ring currents, with peak values less than 
the loop currents. 

The LB1012 features very good ‘‘common-mode 
to differential’ signal rejection (and vice versa), 
high Tip-to-Ring termination impedance and good 


Note 1: 


Fig. 17 - Typical Power Dissipations versus Loop 
Resistance 
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AS IN FIGURE 1 
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power supply noise rejection. Internal thermal shut- 
down circuitry protects against overload currents. 
An ON-CHIP over temperature protection circuit 
temporarily shunts down circuit operation at a ca- 
se temperature of 112°C. 

Lightning surge protection is acheived with ester- 
nal diodes and resistors (See Applications). The po- 
wer gating circuitry is designed to minimize 
‘“fon-hook’’ current down. The TIP-DRIVE output 
provides ‘‘ringing Current’? capability when the 
RING DRIVE output is opencircuited. Both TIP DRI- 
VE and RING DRIVE are clamped to their respec- 
tive power supplies while ‘‘on-hook’’. 

The LB1012 is designed for use with supply volta- 
ges of + 5 volts, ground and a negative voltage sup- 
ply (V—). The device is tested at V— values 
between —52 and —60 volts, can work at volta- 
ges as low as —30 volts (provided the loop resi- 
stance is low enough to prevent signals clipping). 


Common-mode signals are frequently referred to as ‘‘longitudinal’’ in the telephone industry. Likewise, differential volta- 


ges are frequently referred to as ‘‘metallic’’ voltages. 


APPLICATION: 


Each LB1012 Battery Feed integrated circuit feeds 
an individual customer loop. It moderates the flow 
of DC current from its external V— power supply 
to the loop system. Simultaneous to supplying the 
DC current, it serves as a signal path between the 
hybrid (input/output in Central Office) and the cu- 
stomer loop system (input/output to a telephone 
set). The LB1012 must respond to “ringing signals”’ 
and to “‘off-hook’’ conditions. Moreover, since the 
battery feed circuit must work in a potentially harsh 
environment (due to power line crossing and light- 
ning surges), there must be some protective pro- 
visions for the possibility of overvoltage. 

Figure 18 showns a method for correctly connec- 
ting the LB1012 device to the Tip and Ring con- 
nections of a telephone loop system. Careful 
grounding procedures will assure good common- 
mode and power supply noise rejection characte- 
ristics. The AC GND pin should be connected di- 


Fig. 18 - LB1012 Battery Feed Application Diagram 
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rectly to the DC GND pin, while all by-pass capa- 
citors should be connected directly to signal ground 
(AC GND). 

A R-C network (RS1 and RS2) should be placed 
between TIP DRIVE ad RING DRIVE, while a ca- 
pacitor (CS2) should be placed between TIP SEN- 
SE and RING SENSE. This assures stable 
operation under widely varying load conditions. 
An external network of 4 resistors (RP1 through 
RP4) and 4 surge protection diodes (D1 through 
D4) are required to protect the LB1012 device 
against electrical transients, including lightning sur- 
ges. The 4 diodes connected between Tip, Ring, 
system ground and V— must be able to withstand 
secondary lightning surges (15 amps peak, 10usec 
risetime, 1000 nsec decay to half-peak amplitude). 
The resistor on the HOOK STATUS pin and the ca- 
pacitors on IAC IN, VAC OUT and VREF have al- 
ready been discussed under Pin Description. 


LOOP 
TERMINATION 
IMPEDANCE = 


2/50 


\ RING 


A < RINGING 


SIGNAL 


EXTERNAL 
PROTECTION 











PRELIMINARY DATA 
AN AT&T PRODUCT 


85V DUAL OP-AMP 


e OPERATES FROM 5 TO 85V 
e BIAS IS SET EXTERNALLY 


e AUDIO BAND OPERATION; TYPICAL ft = 2 MHz 
gain=60 db at 3 kHz 


e HANDLES OUTPUT CURRENT OF UP TO 40 


mA 
DIP-18 A Plastic 
e DUAL OR SINGLE POWER SUPPLY 
OPERATION ORDERING NUMBER: LB1013AD 





The LB1013 HIGH-VOLTAGE OP-AMP operates off 
of a single power supply from 5 to 85 volts. The 
amplifiers are internally compensated and are de- ce is powered up with a 40 »A current supplied to 
signed to operate in the audio band. This devi- the IBIAS pin. 


Fig. 1 - High Voltage Dual Op-Amp Diagram 
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PIN CONFIGURATION 





$-8943 


PIN DESCRIPTION 


Name 


V+ 
V- 


Rin(+) 
Rin(—) 


Tin(+) 
Tin(—) 


Rout 
Tout 


IBIAS 


Description 


There are two basic supply-voltage pins, V+ and V— (although either of these pins can be connec- 
ted to ground). The more positive supply-voltage is connected to the five pins designated as V+. 
The more negative supply-voltage is connected to six pins designated as V—. 


These pins are the non-inverting and the inverting inputs respectively for the “‘R’’ Amplifier. 
These pins are the non-inverting and the inverting inputs respectively for the “‘T’’ Amplifier. 


These pins are the Op-Amp outputs for the “‘R’’ Amplifier and the ‘‘T’ Amplifier respectively. 


A current source or suitable value resistor to V— can be connected to this pin. A negative current 
flow must be present before the device becomes operational. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 


Ambient Operating Temperature Range —-20to +70; °C 
Storage Temperature Range 7 —40 to +125} °C 
Pin Temperature (Soldering Time = 15 sec.) 300 °C 
Power Dissipation (see note under Outline Drawing) 2 W 





Voltage (V+ to V—) 85 V 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’”’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Ta=25 C, V+ =25V,V— =25V, IBIAS connects through 
1.25MQ to V— unless otherwise specified) 


Parameter Test Condition Min. | Typ. 


Open Loop Gain 


Unit 


co 
P= [a 
= 


Paro 





Input Offset Voltage 
+1.0 pA 


ain 
or; oO 


Input Current 
(Inverting and Non-Inverting Pins) 
Common Mode Rejection Ratio V— = —30V, Vow = +20V Per ac dB 


Output Voltage Swing (‘‘T’’ Amplifier) V+ =38V; V— = -38V 
Non-Inverting Input = GND; Ry, = 1kQ 
AV (Inverting Input = + 0.5V) 
VHIGH 36.8 
VLow 34.6 3 


Output Voltage Swing (‘‘R’’ Amplifier) V+ =38V; V— = —38V 
Non-Inverting Input = GND; R, = 1kQ 


= 
> 


AV (Inverting Input = +0.5V) 
VHIGH 36.0 
VLOoW 34.6 


Power Supply Currents (Amplifiers Test Circuit (See Figure 2) 
activated under no-load conditions) V+ =42.5V; V—- = —42.5V 
v4 
ly — 
Power Supply Leakage Current Test Circuit (See Figure 2) 
(Amplifier Off) V+ =35V; V— = —35V; IBIAS = (open) 
ly £19: |)" 
Output Leakage Currents (Amplifier Off) | Test Circuit (See Figure 3) 
V+ =35V; V— = —35V IBIAS = (open) 
VLOAD = + 30V +10 A 
VLOAD = —30V £400), °% 


Tout to V+ Fault Current VLOAD = + 35V Sat | — | a7 
Test Circuit 
Tout to V— Fault Current (See Figure 4) VLOAD = — 35V pat | — | -a7, 
Rout to V+ Fault Current V+ =35V;, V— = —35V; VLOAD = + 35V a1 | — | a7 | a 
t= 100ms 
— —47 


Rout to V— Fault Current VLOAD= —35V| —41 





—_ —-1 
a 








Fig. 2 - Power Supply Current, Test Circuit 
(For This test, connect both op-amps as shown above) 


VDifference 





Fig. 3 - Output Leakage Current, Test Circuit 
(The current through this 10 K resistor is the 
“‘Leakage Current’’) 
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APPLICATION 


The simplified schermatic shown below illustrates 
an application as a transconductance amplifier for 
telephone line drive applications. Other applica- 
tions include high voltage/power voltage followers, 
audio amplifiers and circuits where high-voltage, 
high-power op-amp capability are required. 

The equations relating to the circuit shown below 
are as follows: 

For R1 &R2 > > R3 


Vo-Vp R2 
R1 R3 
Vo +Vp R2 
R1 R3 


lIR= 











PRELIMINARY DATA 
AN AT&T PRODUCT 


HIGH-SPEED DUAL ANALOG SWITCH 


e LOW “ON” RESISTANCE (9 TO 15 OHMS) 
FOR SIGNAL UP TO +4V AND 100kHz 


e CHARACTERIZED FOR THE AUDIO 
RANGE; CAPABLE OF HANDLING SMALL- 
SIGNAL ANALOG INPUTS TO THE MHz 
RANGE 


SWITCHING TIME <50 NSEC 
e +4V COMMON-MODE RANGE 
LOW INJECTED CHARGE (<50 pC) 


e HIGH OPEN-SWITCH ISOLATION (—70 dB) 
AT 1.0 kHz 


e LOW LEAKAGE CURRENT (< 100 nA) in 
“OFF” STATE 


e LOW CROSS-TALK (— 50 dB) BETWEEN 
SWITCHES 


e LOW HARMONIC DISTORSION 


e SWITCHES HAVE SINK/SOURCE CURRENT 
CAPABILITIES GREATER THAN 16 mA. 


e LOW FEEDTHROUGH CAPACITANCE 
(<0.3 pF). 


Fig. 1 - Functional Diagram 


DIP-16 A Plastic 


ORDERING NUMBER: LB1017AC 





The LB1017 high-speed analog switch contains two 
channels in one package. Each channel consists 
of a driver circuit controlling a SPST switch. The 
drivers interface with TTL logic input signals for ap- 
plications such as multiplexing, commutating and 
D/A converter applications. These drivers enable 
a low-level input (0.8 to 2.0 volts) to control the ON- 
OFF condition of each switch. In the ON state, each 
switch will conduct equally well in either direction. 
In the OFF state, the switch will block voltages up 
to +5V. Positive logic “1” will turn each switch ON, 
and logic ‘‘O”’ will turn it OFF. 
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PIN DESCRIPTION 










16 {_} SWA1 

15 |_J COMMON 
14 LJ] SWA2 

13 |. J COMMON 
12 LJ V- 

11 LJ SWB2 

10 |_| COMMON 
9 LJ SWB1 


Description 


TTL compatible logic input pins for switching channels ‘‘A”’ and ‘‘B”’ respecti- 
vely (see Figure 1). A channel switch is normally closed if all of its inputs are 
logic HIGH. A logic LOW on any input pin will open the switch. 


NC No connection. This pin should not be used as a tie point for external circuitry. 


One side of the switch output (designated as side number 1) for channels ‘‘B”’ 


Ground or circuit common (not necessarily physical or system ground). All of 
these pins should be externally connected to one common point. 


One side of the switch output (designated as side number 2) for channels ‘‘B”’ 


Connection for ‘‘most negative’ external power supply. 


1 

2 

3 

6 

7 

8 

a a 

5 Connection for ‘“‘most positive’ external power supply. 
9 SWB1 

16 SWA1 and ‘‘A’’ respectively. 
10 COMMON 

13 

15 
11 SWB2 

14 SWA2 and ‘‘A’”’ respectively. 
E 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter 
Ambient Operating Temperature Range 
Storage Temperature Range 
Pin Soldering Temperature (t= 15 sec.) 
Supply Voltage (V+ to COMMON) 
Supply Voltage (V— to COMMON) 
Switch Voltages (SWA or SWB to COMMON) 
Input Voltages (INA or INB to COMMON) 


0 to + 70 °C 
—~40 to +125; °C 
300 °C 

9.5 V 
—~9.5. V 
+5.0 V 
+5.5 V 





Stresses in excess of those listed under “‘Absolute Maximum Ratings” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 


for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Each Channel): T, =25°C, V+ =9V, V— = —9V, Vin=Pins 1, 2, 3, 















6, 7 and 8 
Parameter Test Conditions | Min | Typ | Max | Unit 
Switch ON Resistance Vin =2.4V, Vow1 = Vsw2 =0, f=1KHz 15 Q 
(See Fig. 3) 
Switch Leakage Current, ON Condition | Vin =2.4V, Vow = Vswe = 0 (See Fig. 4) +1.5 | mA 
Vin =2.4V, Vswi = Vsw2= —5V 
Vin = 2.4V, Vsw1 = Vswe2= +5V 
Switch Source Current Vin =2.4V, Vow =1-5V, Vswe =0 — 16 —30 | mA 
(See Fig. 5) 
Switch Sink Current Vin =2.4V, Vowi = — 1.5V, Vowo=0 16 30 mA 
(See Fig. 5) 
Logic Input Current ‘HIGH’ Vin = 5.5V (See Fig. 6) fp — | — | 4 | pA 
Logic Input Current “LOW” Vin =0.4V (See Fig. 6) |-o4} — | ~12| mA 
Switch Leakage Current, OFF Condition Vin = 0.8V, Vow1=+4.5V, Vowo=—4.5V +100} nA 
Vin =0.8V, Vow7= —4.5V, Vewo=+4.5V 
(See Fig. 7) 
Positive Supply Current Switch in OFF Condition (See Fig. 8) | — | 77 | 13 | mA 
Negative Supply Current Switch in OFF Condition (See Fig. 8) | — | -3 | —10 | mA 
Positive Power Supply Rejection Ratio (See Fig. 9) | af — | dB 
_ Negative Power Supply Rejection Ratio (See Fig. 10) | aa | — | — | dB 
Switch OFF Isolation Vin = 0.4V; (See Fig. 11) }-70} — | — | dB 
Crosstalk Between Switches Vin =2.4V; (See Fig. 12) |-sof — | — dB 
Second Harmonic Distorsion Vin =2.4V; Vsource = 250mVrms 
at 1KHz; (See Fig. 13 and Note 2) 250 |»Vrms 
Third Harmonic Distorsion Vin =2.4V; Vsource = 250mVrms 
at 1KHz; (See Fig. 13 and Note 3) 140 | p»Vrms 
Switch Offset Voltage, No load Vin (Pins 2, 7, 1 and 8)=2.4V 
(See Note 3) | Vin (Pins 3 and 6) = Pulsed (See Note 4) 
VsetT= —5V +25 mV 
VseT =0 +25 | mV 
Vset = +5V (See Fig. 14) +25 | mV 
Switch Offset Voltage, 4000 load Vin (Pins 2, 7, 1 and 8)=2.4V 
(See Note 1) Vin (Pins 3 and 6) = Pulsed (See Note 4) 
Vset = —5V +165 | +300 | mV 
VsetT = + 5V (See Fig. 16) +165 | +300; mV 





Note 1: The ‘‘Switch Offset Voltage’ is defined as the difference in voltage (AV = VGen — Voyrt) during the last 200 na- 
nonseconds of the positive portion of the pulse described in Note 4. 


Note 2: Second harmonic distorsion is defined as the amplitude of a 2KHz signal at Voyt (VsourRCE = 250mMVrms at 1KHz) 
Note 3: Third harmonic distorsion is defined as the amplitude of a 3KHz signal at Voyt (VsouRCE = 250mVrms at 1KHz) 
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SWITCHING CHARACTERISTICS (Each Channel): T, =25°C, V+ =9V, V— = —9V, Vin =Pins 1, 2, 3, 6, 





7 and 8 
Parameter Test Conditions | Min | Typ | Max Unit 
Turn-on Time Vin (Pins 2, 7, 1, and 8)=2.4V - 
Vin (Pins 3 and 6) = Pulsed (see Note 4) 
RLOAD = 4000 
Vset = —5V 20 50 en 
Vset= +5V (See Fig. 16, 17) | 20 50 
Turn-Off Time Vin (Pins 2, 7, 1 and 8)=2.4V 
Vin (Pins 3 and 6) = Pulsed (see Note 4) 
Rioap = 4000 
VsetT = —5V 10 40 a 
Vset= —5V (See Fig. 16, 17) | 10 40 
Injected Charge (see Note 5) Vin = 2.4V 
Vsowi = —4.5V + 50 +5 
Vsow1 =0 +5 +50 pC 
Vowi = +4.5V (See Fig. 15) +5 + 50 





Note 4: Positive pulses with a 400 nsec width and a 2.5 volta amplitude are applied a repetition rate of 60 nsec. Rise 
and fall times of this applied pulse are <5 nsec. 


Note 5: Injected charge is defined as the amount of excess charge transferred to a 1000pF load capacitor (connected 
to the SW2 side of each channel switch) during the time interval associated with the turn-off of the switch. 


TEST CIRCUITS 
Fig. 2 


— 1.0 uFd 


.O1 uFd 
()F 


OG 
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TEST CIRCUITS (Continued) 
Fig. 3 Fig. 4 


3.5K 350 mVrms 
aa 





Resistance = Vs/0.001 . Switch leakage current (on) 


Fig. 5 Fig. 6 


VS 





Source/Sink current Logic input current 


Fig. 7 Fig. 8 





Switch leakage (off) Power supply current 
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TEST CIRCUITS (Continued) 
Fig. 9 . Fig. 10 


ae 1000 pFd ae oe 1000 pFd 


=f Vo Sf vo 





350 mVrms 









VSN 350 mVrms 
PSRR = 20 log(0.35/Vo) PSRR = 20 log(0.35/Vo) 


Fig. 11 Fig. 12 


Vo 





1 kHZ 
Crosstalk = 20 log(V0/3.5) 





Harmonic distortion Offset voltage 
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TEST CIRCUITS (Continued) 
Fig. 15 Fig. 16 





Injected charge = AVoff x 10 pc Turn on / Turn off time 


CHARACTERISTIC CURVES 
Fig. 17 


Propagation Delay Time Propagation Delay Time 
Low-To-High Level High-To-Low Level 


Typical tpi = 20 ns Typical tp), = 10 ns 


INPUT PULSE 


OUTPUT PULSE 
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CHARACTERISTIC CURVES (Continued) 


Fig. 18 - Typical Offset Voltage vs Common 
Mode Voltage 


30 


20 


=a 
Oo 


-10 


SWITCH OFFSET VOLTAGE (mV) 
° 


‘SPECIFICATION 


— 20} LIMIT \ 


—6.0 -2.0 2.0 6.0 


COMMON MODE SWITCH VOLTAGE (V) 


Fig. 20 - Typical Injected Charge vs Common 


Mode Voltage 
75 


50 


25 


~25 


INJECTED CHARGE (pC) 
eo 


~50 


—75 


-6.0 -~2.0 2.0 6.0 


COMMON MODE SWITCH VOLTAGE (V) 





Fig. 19 - Typical leakage Current vs Common 
Mode Voltage 
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Fig. 21 - Typical Power Dissipation vs Duty Cycle 


108 


POWER DISSIPATION (mW) 


102 


anh 


10-3 10-2 10-1 
DUTY CYCLE 


142 





CHARACTERISTIC CURVES (Continued) 


Fig. 22 - Typical Power Supply Ripple Rejection Fig. 23 - Typical Power Supply Current 
vs Temperature vs Temperature 


—69 | 8.0 


PSRR + IPS + 


PSRR- 


i 
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a 
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| 
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J 


IPS - 


POWER SUPPLY RIPPLE REJECTION (dB) 
I 
= 
POWER SUPPLY CURRENT (mAdc) 


- 53 2.0 
- 40 0 40 80 120 160 -— 40 0 40 80 120 160 


JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 


Fig. 24 - Typical Input Logic Current ‘‘Low’’ Fig. 25 - Typical Switch Offset Voltage 
vs Temperature vs Temperature 
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CHARACTERISTIC CURVES (Continued) 


Fig. 26 - Typical Switch Offset Voltage 
vs Temperature 
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Fig. 28 - Typical Injected Charge vs Temperature 
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Fig. 27 - Typical Switch Leakage Current ‘“‘ON”’ 
vs Temperature 
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Fig. 29 - Typical Source and Sink Current 
vs Temperature 
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CHARACTERISTIC CURVES (Continued) 


Fig. 30 - Typical On-Resistance vs Temperature 
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APPLICATION 


The LB1017 is a High-Speed Dual Analog Switch 
with low “ON” resistances and control inputs which 
are TTL compatible. 

Figure 21 shows a diagram of the LB1017 as used 
in asampling application. The design of this device 


80 120 
JUNCTION TEMPERATURE (°C) 





160 


incorporates high-speed current amplifiers. There- 
fore, it is important that proper high-frequency by- 
passing of power supplies is used, and that proper 
grounding designs are incorporated. 


Fig. 31 - LB1017 High-Speed Dual Analog Switch Sampling Application 


INPUT 2a 
INPUT 2b 
CLK 2 


BUFFER/ Br stants 
AMPLIFIER 


SIGNAL 2 > 


SAMPLED 
SIGNAL 2 
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PRELIMINARY DATA 
AN AT&T PRODUCT 





e JUNCTION-ISOLATED FOR LOW COST 
e LOW ON STATE RESISTANCE (< 13 ) 

e HIGH OFF STATE RESISTANCE (>200 MQ) 
e 40mA DC CURRENT CAPABILITY 

e 30 VOLT OFF-STATE CAPABILITY 


e EXCELLENT TRANSIENT IMMUNITY 
(> 300V/uS) 


e LOW SIGNAL LOSS TO SUBSTRATE 
(> —48dB) ORDERING NUMBER: LB1018AD 


The LB1018 Crosspoint Array integrated circuit is 
a high density, high performance, bipolar switch. 


DIP-18 A Plastic 





It is organized as a 4 x 8 array with crosspoints con- gnals with an intersection impedance of less than 
sisting of 32 SCR devices. Each crosspoint is a 13 ohms. It is useful as a high reliability replace- 
nearly ideal switch, capable of switching analog si- ment for metallic relays in switching networks. 


Fig. 1 - Schematic Diagram 


GATE (G) 


ANODE (A) 


CATHODE (K) 





ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 


Ambient Operating Temperature Range °C 
Storage Temperature Range °C 
Pin Soldering Temperature (t= 15 sec.) °C 
Voltage (Anode to Cathode) V 
Voltage (Cathode to Substrate) V 
Voltage (Anode to Substrate) V 
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PIN CONFIGURATION 


ANODE7 


ANODE 8 


GATES 


CATHODE 4 


GATE 2 


CATHODE 2 


GATE 1 





GATE 2 


CATHODE 3 


CATHODE 1 


ANODE 2 


ANODE4 


ANODES5 


ELECTRICAL CHARACTERISTICS (Ta = — 40 to + 70°C) 


a 
Forward Voltage lak=10mA (See Fig. 2) on be we As i aa, | 


Symbol 


dis 
diak 





Ron 
ILKS 
lEN 
VEN 
ILAK 


ILKA 


ILGA 


Parameter 


Substrate Crosstalk 


Cathode-Substrate 


Leakage Current 


Enable Current (See Fig. 4) 


Enable Voltage 


Forward Leakage Current Vak = 30V (See Fig. 5) 
Reverse Leakage Current Vka=30V (See Fig. 5) 
Gate-Anode Leakage Current VGa=30V (See Fig. 6) 


lak = 10mMA 


lak = 10mApp 
Vas = 


20V 


(See Fig. 2) 





(See Fig. 3) 


(See Fig. 4) 


IHOLD | Holding Current (See Fig. 7) fos | — | 


Cak 






Anode Line to 
Cathode Line Capacitance 
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i?) 
~ 1216 
© io) fan) 





pA 


mA 
Vius 





TEST CIRCUITS 





Fig. 2 Fig. 3 
VAK 
-20 V -30 V 
«.— 
Is lAK 
Fig. 4 Fig. 5 


VEN i 


10 mA WITH -20 V 
COMPLIANCE 


30 V 
ILGA 


1EN 


-22 V 





Fig. 6 




















CHARACTERISTIC CURVES 


Fig. 7 


lak 


IHOLD 


VAK 


Fig. 10 


TYPICAL GATE TRIGGER CURRENT 
vs AMBIENT TEMPERATURE 
0.8 
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Fig. 13 


TYPICAL HOLDING CURRENT vs 
AMBIENT TEMPERATURE 
1.4 


0.9 


HOLDING CURRENT (mA) 


0.8 


0.7 
—40 0 40 80 


AMBIENT TEMPERATURE (°C) 


Fig. 8 


TYPICAL FORWARD CHARACTERISTICS 
1.4 


1.2 


1.0 


FORWARD VOLTAGE (V) 


aN 
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o 


20 40 60 
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8 


Fig. 11 


TYPICAL GATE TRIGGER VOLTAGE 
vs AMBIENT TEMPERATURE 
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Fig. 14 


TYPICAL GATE LEAKAGE CURRENT 
vs AMBIENT TEMPERATURE 
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VARIATION OF HOLDING CURRENT 
WITH ANODE-CATHODE CAPACITANCE 
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TYPICAL ON RESISTANCE vs 
AMBIENT TEMPERATURE 
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CHARACTERISTIC CURVES (Continued) 





Fig. 16 Fig. 17 Fig. 18 
TYPICAL FORWARD VOLTAGE _ TYPICAL FORWARD LEAKAGE CURRENT 
vs AMBIENT TEMPERATURE TYPICAL ANODE-CATHODE CAPACITANCE vs AMBIENT TEMPERATURE 
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APPLICATION 


The LB1018 Crosspoint Array is designed to pro- 
vide a low-loss analog switching element for tele- 
phony signals. 

Applications indicate that the minimum holding cur- 
rent is a function of the anode cathode capacitan- 
ce placed in parallel with a PNPN element. The 
form of the variation is shown in Figure 3. When 
the device is placed in a circuit where active induc- 
tance is present, the holding current may be de- 
pressed slightly. The values of holding current 
given in the electrical characteristics table corre- 
spond to measurements made with very small ano- 
de/cathode capacitance, such as when the device 
is connected to a curve tracer with short wires. 
The ‘‘ON”’ resistance of PNPN elements vary for 
different paths through the matrix. A total variation 
of +1 ohm may occur around the mean value. 
The forward and reverse leakages given in the elec- 
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AMBIENT TEMPERATURE (°C) 


trical characteristics are measured from anode to 
cathode with the substrate held at the same po- 
tential as the cathode. Leakage to the substrate (via 
all the other parts of the device not under tests) will 
be diverted into the voltage source controlling the 
substrate potential. If the substrate is allowed to 
float, the leakage is collected by the cathode of the 
PNPN element under test. Thus, the leakage mea- 
sured at the one cathode is greatly increased (ty- 
pically to 350 nanoamps at room temperature). 
The LB1018 is designed to conduct continuous for- 
ward current up to 42 mAdc provided that the junc- 
tion temperature is not greater than 120 C. 
However, it is also designed to be able to survive 
infrequent fault conditions where up to 100 mAdc 
flows for intervals up to 1 hour. Typical devices ha- 
ve been observed to be destroyed by forward cur- 
rent surges of 750 mA. 





APPLICATION (Continued) 


Fig. 21 - Crosspoint Array Schematic 
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® 


POWER CONTROLLER 


e DIGITALLY CONTROLLED POWER SWITCH 


e CONTROLS — 48V POWER TO 
TELEPHONE SETS OR OTHER LOADS 


e POWER _CAN BE TURNED ON AND OFF 
USING ON INPUT 


e CURRENT LIMITING DURING A FAULT 
CONDITION 


e THERMAL SHUTDOWN DURING 
EXTENDED FAULT CONDITIONS 


e ISOLATION OF THE LOAD FROM THE 
POWER SUPPLY UNTIL THE POWER 
SUPPLY’S MAGNITUDE EXCEEDS — 33 
VOLTS (TYPICALLY) 


e INTERRUPTION OF POWER TO THE LOAD 
WHEN THE POWER SUPPLY’S 
MAGNITUDE FALLS BELOW —30.5V 
(TYPICALLY) 


e INDICATES AN OVERCURRENT 
CONDITION WHEN THE LOAD CURRENT 
EXCEEDS 300mA (TYPICALLY) 


e INQUIRE ABOUT AVAILABILITY OF 
DEVICES WITH 200, 450, 600 mA (+ 15%) 
OF OVERCURRENT THRESHOLD 


e INDICATES CURRENT FLOW TO CONFIRM 
CIRCUIT CONTINUITY 


e EO INPUT ALLOWS SMOOTH POWER UP 
SEQUENCE 


e SMALL 8-PIN DUAL-IN-LINE PACKAGE 





PRELIMINARY DATA 
AN AT&T PRODUCT 


Minidip-A Plastic 


ORDERING NUMBER: LB1019AB 





The LB1019 integrated circuit provides control 
functions and maintenance monitoring for — 48-volt 
power supplied via a single output to a telephone 
set or other load. It is able to turn the power on and 
off under manual control, indicate a 300mA over- 
current condition on the circuit, and provide an in- 
dication that some current is flowing to confirm 
circuit continuity. The device includes two safety 
features: an output current limit to protect against 
large current surges on a direct short-circuit and 
thermal shutdown of the chip if an overload per- 
sists without being manually turned off. 

An “EO” input is provided to allow for smooth 
power-up sequences. This lead is connected to an 
RC network (R from +5.0V to EO and C from EO 
to ground) and holds the circuit in an off state for 
a predetermined amount of time after the +5.0V 
is applied. 

Power will not be applied to the controlled circuit 
unless the nominally — 48-volt supply is more ne- 
gative than — 33 volts and power will be interrup- 
ted to the load when the power supply is more 
positive than — 30.5 volts. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter 


Ambient Operating Temperature Range 
Storage Temperature Range 

Pin Soldering Temperature (r= 15 sec.) 
Power Dissipation (Package Limitation) 
Power Instantaneous (T <2yusec) 
Operating Voltage V + 

Operating Voltage V — 


—20 to +70 °C 
—40 to +125 °C 


300 °C 
| W 
50 W 

+5.5 V 

— 54 V 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’? may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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PIN CONFIGURATION 


PIN DESCRIPTION 
Pin 
1 


| 


2 OUT 
3 GND 
4 CURMON 


3) MODE 


oOo 
| | aa 
Zz + 


Fig. 1 - Functional Diagram 





CURMON [| 4 


Description 
Connection for ‘‘most negative’ external power supply. 
The output pin supplies a ‘‘controlled’’ voltage to a telephone set or other types of loads. 
Ground or circuit common (not necessarily physical or system ground). 


Current monitor. CURMON is a TTL compatible output signal. It indicates whether the 
output load current is either less than of greather than a predetermined threshold refe- 
rence level. 


Mode is an LSTTL-Compatible input signals (Table 1). A logic HIGH sets the CURMON 
thresold reference level to a typical level of 300mA. A logic LOW sets the CURMON thre- 
shold level to a typical level of 3mA (Table 2). 


Connection for the ‘‘most positive’ external power supply. 


EO is a high impedance input used to force the chip to ignore all other inputs and hold 
the — 48-volt output off until the voltage on EO exceeds 3.0 volts. This input can be used 
to eliminate logic power-up ‘‘sanity’’ problems by use of an external R-C network, as 
shown in the Block Diagram (Fig. 1). This input has substantial hysteresis (1.0 + 0.5 volts) 
to prevent noise problems since the voltage may ramp up slowly. A diode is included 
on the chip between EO and +5.0Vdc to insure quick discarge of the capacitor upon 
power down. The leakage current into or out of EO is tested to be less than 5.0uA under 
all conditions. 


This terminal is an LSTTL compatible input. When held LOW, it turns on power to the 
— 48V load as long as EO is HIGH and LB1019 is not in a thermal overload condition. 


VOLTAGE CURRENT 
IREFERENCE GENERATION 
-33V/-22V 
(NOMINAL) SoNTOE conraot 
POWER UP 


THERMAL SENSE 
SHUTDOWN CURRENT 
MONITOR 


ae eo ie yo SELECT 


V+ 













EO 







g| 
=z 


O OUT 


O CURMON 
MODE © 


aaa 
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ELECTRICAL CHARACTERISTICS (At 25°C and with V+ =5.0V, V— = — 48V unless otherwise noted) 


Symbol| Parameter Test Gonditon | win | Typ | Max | Unt 
[vi =55v.v—= sv eerie] — | — | 26 | m 
V+ =Open, V — =-— 54V (See Fig. 6) | — | — | 30, 

See Fig. 7 ~— 37 





VtHon | V-—Turn-On Thereshold 


ie) 
ol 
Ne) 


( ) 
vonor [OupitVotase ep ——~(igur=d0ima—eere a] — | — | 20 | v 
ow Oupi Curent Treats | T=w00°0 _Geere 1or| 15 | — | 10 | m 


Table 1 - TTL-Compatible Input/Output Characteristics 













Single LSTTL input: (ON & MODE) | Vj =0.4V, V+ =5.5V a 
Vine 27V, V+ =55V a 





TTL Output: (CURMON) lo. =1mA V+ =4.5V 










lou = —250uA V+ =4.5V 2.4V = 


Input Clamp Diode |= —18mA V+ =4.5V 
(see EO Pin Description) 


Fig. 2 - Output Characteristics at 25°C 


1200 


SN 

1000 

OVERCURRENT 

z THERMAL 

PS SHUT DOWN 

— 800 RANGE 

WS 

3 A 

am 600 = 

4 OVERCURREN OVERCURRENT 

= OPERATING INDICATOR 

a 400 RANGE ///] ACTIVATED 

re) XARA Yt MODE =1 
200 SAFE 


OPERATING 
RANGE <—— MODE = 0 
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Fig. 3 - Logical Diagram 


TEMP >Top 1, OAD >300mA 


Table 2 - Output Status Logic Table 


0 


Table 3 - Current Monitor Status Logic Table 


MODE lLoap >300mA | Thermal Shutdown al 
0 a ee ee ee | 


jo) 
tty 
HH 





OUT 
OFF 
OFF 
OFF 
ON 


CURMON 





TEST CIRCUITS 
Fig. 4 - Power Supply Current Fig. 5 - Power Supply Current 


<«—_— Ips+ a IPS- 





Fig. 6 - Power Supply Current Fig. 8 - Output Voltage Drop (VouT) 





Fig. 7 - V-Turn ON & V-Turn OFF Threshold 


OV 







V1.3 
(- — — — — V- TURN OFF 
THRESHOLD 
V- TURN ON — — ——~ | 
THRESHOLD ) | 
| | 
| | 
=F0V sen 
V2.3 
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TEST CIRCUITS (Continued) 
Fig. 9 - EO Turn ON & EO Turn OFF Threshold 






VTH.ON.EO — — — s 


— — — VTH.OFF.EO 


V7.3 
: ov 
OUT GND CM 
2 3 4 a 
-3.0 V 
V2,3 
-48 V 





48 V 


53 V 





Fig. 11 -Output Current Limit (ILimiT) 


<— ILimIt 


OUT GND CM 
2 3 4 





R1 = 3.52, 10 W 
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APPLICATION 


Power will not be applied to the load which is con- 
nected to the output of the LB1019 Power Control- 
ler unless the V— supply is more negative than a 
nominal — 33 volts. This condition is described as 
the V— turn-on threshold. Conversely, power will 
be interrupted to an operating load when the V — 
supply becomes more positive than a nominal 
— 30.5 volt. This condition is described as the V — 
Turn-OFF threshold. The LB1019 Power Control- 
ler has been designed to operate with a nominal 
power supply of — 48 volts. 

Table 4 is asummary of the device operation. Spe- 
cifically, the device may be interrogated (either with 
a microprocessor or with manual control) to deter- 
mine the status of the load connected to the out- 
put of the LB1019. Voltage on the EO pin should 
be greather than +3.5 volts for the interrogation 
process. 

lf the LB1019 Power Controller is overloaded for 
a significant period of time and is in danger of de- 


Table 4 - Device Operation Summary 


ON MODE |CURMON 
ch (in) (in) (out) 





struction due to thermal runaway, the internal shut- 
down mechanism will act to protect the device and 
remove power from the load. An indication of this 
is that CURMON will be a logic LOW when MODE 
is a logic HIGH. 

If desired, the user can differentiate between an 
overcurrent indication and thermal shutdown by 
examining CURMON with MODE being a logic 
HIGH and ON being a logic LOW. Then force ON 
to a logic HIGH and examine CURMON again. If 
CURMON remains LOW under both conditions, the 
device is in thermal shutdown and no current is flo- 
wing. If the state of CURMON changes under this 
test, the device was not shutdown, but was in an 
overcurrent condition. 

Another special interrogation feature is the quie- 
scent current indicator (MODE is set to zero). This 
feature indicates that the output of the controller 
is connected to the load. 


DEVICE STATE 


Se a ae oe ee Disabled, output turned OFF 


ee ee ee ee ee ee ee ee ee ee 


0 


a re ee oe Output OFF, device not in thermal Shutdown 

ee ae ee a ae ee Output OFF, device in thermal shutdown from previous overload 
a ee ae ee ee Output ON, connection from controller output to the load is open 
a a ae ae ee Output ON, load is connected to the controller output 

ee a Output ON, current less than overload thereshold 


Output ON, current greater than overload thereshold, device may be in 


danger of going into thermal shutdown, or is in thermal shutdown 


The application diagram shown in Figure 12 illu- 
strates the connections and external components 
which are necessary for the basic operation of the 
LB1019 Power Controller. The RC network (RExT 


Fig. 12 - Power Controller Application Diagram 


MICROPROCESSOR 
OR MANUAL 
LOGIC 
READOUT & CONTROL 
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and CextT) holds the device in an OFF-state con- 
dition for a predetermined amount of time after V + 
is applied. 


CURMON 


LOAD 








PRELIMINARY DATA 





AN AT&T PRODUCT 


SPEAKERPHONE KIT LB1020AF VOICE PATH SWITCH 
AND LB1021AD SPECIAL AMPLIFIER 


This kit consists of two integrated circuits which 
form the basis of a high-performance spea- 
kerphone. 

The system works in “‘half-duplex’’ and is powe- 
red from a single 12 V source. 

The LB1020 performs the switching function nee- 
ded for Speakerphone operation by accepting tran- 
smit and receive signals as input and providing 
transmit and receive variolosser control signals as 
output. Timing of the various switching functions 
is selectable using external RC components. 
The LB1020 also provides a noise guard featu- 


Speakerphone Kit application diagram 


“75 


TO TRANSMIT FROM RECEIVE 
HYBRID i | HYBRID 


Ad Re 
18 


re which permits steady background noise to be 


_ignored in making the transmit/receive switching 


decision. 

The LB1021 provides the linear amplification for 
the speakerphone system, including switchable, 
controllable gain for the transmit and receive voi- 
ce paths, speaker and line drive capabilities, and 
switchguard/talkdown gain. It also provides a sta- 
ble, low-noise signal reference from the 12 V 


supply. 


| B1021AD 


le 9 





eg) 
<— 


R26 Re4 
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VOICE PATH SWITCH FOR SPEAKERPHONE | 
APPLICATIONS (See Application at ine end of the chapter) 


e SINGLE POWER SUPPLY 
e DETERMINES TRANSMIT/RECEIVE MODE. 


e HALF-DUPLEX OPERATION, RECEIVE IN 
DEFAULT 


e ALL TIMING, CONTROLLABLE WITH 
EXTERNAL COMPONENTS 


e PROVIDES SWITCHING UNAFFECTED BY DIP-24 C Plastic 


BACKGROUND NOISE 
ORDERING NUMBER: LB1020AF 





Fig. 1 - Block Diagram 


XMIT TALKDOWN RCV SW XMIT SW 
INPU GUARD INPUT GUARD INPUT 


TrD TO RC 


PEAK 
DETECTOR TIMING CKT 


TO RC 
TIMING CKT 


TO RC 


PRECISION TIMING CKT 
THRESHOLD 
COMPARATOR 


TO RC 


TIMING CKT hey ata 


AK 
DETECTOR 
RCV 


TO RC 
TALKDOWN 
INPUT TIMING CKT 





QUIET ON/OFF 3 TO RC 
INPUT TIMING CKT 


REFERENCE 
RCV VARIOLOSSER XMT VARIOLOSSER VOLTAGE 
CONT CUR CONT CUR 





ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 


Power Dissipation 1000 
Operating Voltage 15 





Storage Temperature Range —40 to +125 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 


for extended periods may affect device reliability. 
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PIN CONFIGURATION ene 


TVL OUT 





Q/o/o VOL 
MSR V- 
NG TIME NC 
NC NC 
NC NC 
NC RTO TIME 
RSG TIME RTD IN 
RSG IN TSG TIME 
TTD TIME TSG IN 
TTD IN 13{)HLOVR TIME 
PIN DESCRIPTION 5-0553 
Pin | Name | Description 
1 RVL OUT This is the control current which regulates the attenuation of the receive variolosser on 


the LB1021AD. In transmit it is nominally 100 pA. In receive it lies between zero and 
100 »A, depending on the volume control voltage. 


TVL OUT This is the current which regulates the attenuation of the transmit variolosser. In tran- 
smit, it is close to zero, while in receive it is nominally 100 pA. 


3 Q/O/O (Quiet-on-off). Quiet corresponds to >2V, off to <-2V, and on is nominally OV. 


ho 


4 MSR Input for the midsupply voltage generated on the LB1021AD, this voltage is used as the 
signal ground and is not intended to be tied to system ground. 


5 NG TIME. (Noise guard timing node). To this is connected the capacitor (usually large) which sets 
the time over which the background noise guard signal is averaged. 


6,7,8 No 
18,19,20 | connection 


9 RSG TIME To this is connected the RC circuit whose time constant determines the response of the 
noise guard peak catcher when the noise guard signal falls. 


10 RSG IN This is the input to the receive switch guard peak detector. It is coupled to pin 9 of the 
LB1021AD through an RC voltage divider. The ratio of this divider sets the relative weight 
of this particular signal. 


11 TTD TIME The RC circuit at this point sets the time constant of the peak detector for the transmit 
talkdown signal. 


12 TTD IN This is the input to the transmit talkdown peak detector. 


13 HLDVR TIME | The RC pair at this point sets the timing of the transition back to the receive state when 
an idle condition is preceeded by transmit. It has little effect on the timing of the forced 
receive transition. 


14 Input to the transmit switch guard peak catcher. 

15 The RC pair at this point sets the dynamics of the transmit switch guard peak detector. 
16 Input to the receive talkdown peak detector. 

17 Sets the time constant associated with the receive talk down peak detector. 

21 The negative power supply connection. 

22 VOL (Volume control input). Goes from —4V (minimum volume) to OV (maximum volume) 
23 The positive power supply connection. 


24 42K A 42.2K 1% resistor is connected from this point to midsupply reference. 
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ELECTRICAL SPECIFICATIONS (At 25°C) 
INPUT-OUTPUT TABLE 


3 13 
STATUS Q/O/O | TTD IN |HLD TIME} RTD IN 


16 
Normal receive —1V 
Normal transmitt +6 
—1V +10 


+6 


oe) 


a 
ae 


Receive with low volume 
Transmitt with low volume 
Off 

Quiet +4V 


Transmit with low volume 


12 

+1V 

+1V 

Low Volume 
Quiet with transmission +4V +1V ht 
Quiet with high level transmission; —4V | +av | | 


For RSG, RTD, TSG, TTD: 


av 
a 


| 
SS 
< 
| 
ns 
< 
8 
(ee) 
a 
Oo 
© 
| | 
ne) 
ND Nn 


Timing Discharge Current 440 pA Min. 
Timing Leakage Current 1.5 pA Max. 
Input Leakage Current 1.5 pA Max. 
Power-Supply Current @ +6V 3.0—9.0 mA 
TEST SPECIFICATION (For all Tests, V+ =6V, V— = —6V, and all other voltages are measured with 


respect to pin 4 (MSR); Ta = 25°C) 


(Ps) Power Supply Current Measure current in positive and 
negative supply leads (see Fig. 2) 


V(13,4) | Holdover Voltage, Idle (See Fig. 2) 3.4 
V(13,4) | Holdover Voltage, High VcTTp) = +2V (see fig. 3) | 4.3 
V(13,4) | Holdover Voltage, Low V(RTD) = ~2V (see fig. 4) Boe | 


Unit 


ye) 


3 
> 


alt 
< 


on 


RvL) | Receive Variolosser Current Out, V(VOL) =9 ViRTD) = — 1.0V Vian) =90 -6.5 | +6. 
RCV Max Volume (See Fig. 5) 
Avi) | Receive Variolosser Current Out, Vivo) = —4V Viatp)= —1-0V Viat)=0 | 93 107 
RCV Min Volume (See Fig. 5) 
TvL) | Transmit Variolosser Current Out, V(voL) = — 4V Viatp) = — 1.0V ViqT) =0 +10 
RCV Min Volume (See Fig. 5) n 
ph 
tv) | Transmit Variolosser Current Out, VivoL) = OV Virtp) = — 1.0V Vat) =0 9 110 
RCV Max Volume (See Fig. 5) 


kRvVL) | Receive Variolosser Current Out, V(VOL) = 9V VirtTD) = + 1.0V Viqr) =9 9 108 
Transmit Max Volume (See Fig. 6) 


lTv_) | Transmit Variolosser Current Out, VivoL) = 9V VirRtp) = + 1.0V Vat) =0 a 
Transmit Max Volume . (See Fig. 6) 
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TEST SPECIFICATION (Continued) 





RvL) | Receive Output Variolosser Current, VoL) = — 4V Virntp)=9 Vittp) = + 1V 93 108 
Transmit Min Volume ViqT) =0 (See Fig. 7) 

tv_) | Transmit Output Variolosser Current, VivoL) = —4V Watp)=9 Vittpy= +1V | -2.2 +6 
Transmit Min Volume Vat) =0 (See Fig. 7) 

lRvL) | RCV Variolosser Output Current Viat) = —4V (See Fig. 8) ; 150 650 
QUIET/ON/OFF = OFF 

Tv_) | Trans. Variolosser Output Current, Vat) = — 4V (See Fig. 8) | 150 650 uA 


QUIET/ON/OFF = OFF 


= 
ra 
oO 


Rv) | RCV Variolosser Output Current Vat) = + 4V (See Fig. 8) +6 
RCV Quiet 
ltvL)_ | Trans Variolosser Output Current, Viat) = + 4V (See Fig. 8) |} 150 650 
RCV Quiet 
Avi) | Transmit-Volume Interaction Current V(HLDVR) = + 5.5V (See Fig. 9) } -6 | +6) 
ltv_L) | Receive-Volume Interaction Current V(HLDVR) = 0 (See Fig. 9) | -6 | 10 | 
Ving) | Noise Guard Timing Offset (See Fig. 2) he 5 8 620 | mV 
RvL) | Transmit State Quiescent Current Vat) = + 4V Vittp) = +1V VWirtp) = 9 +6 
(See Fig. 10) 
tv_) | Transmit Talkdown Current Transmit Viat) = + 4V Vittp) = +1V Virtpy = 9 150 620 
Quieting (See Fig. 10) 
RVL) | Receive Talkdown Current Transmit Off | Viqt)= —4V Vittp) = OV Virtp) = — 2V 620 pA 
(See Fig. 10) 
tvi) | Transmit Talkdown Current Transmit Off | Viqt) = —4V Vittp) = +2V Virtp) =0 150 620 





S2 closed, S1,3,4,5 open (See Fig. 13) 


14) | Transmit Switch Guard Input Leakage | Close S3 (See Fig. 13) | -1.5 | +15] pA 


BB 
+} + 
ee eee 9 
alan 


(16) Receive Talkdown Input Leakage Close S4 (See Fig. 13) | —1. 


i 
= 
on 


(16) Receive Talkdown Timing Leakage Close S4 and S5 Viptp) = + 1.0V 
Current (See Fig. 13) 


(13) Noise Guard Action Leakage (See Fig. 11) | -1 
VTH (43,4) Transmit Talkdown Voice Switch HLDVR) = — 24nA Virsa) =9 Vitsq)=9 | 27.5 40 
Threshold (See Fig. 12) 
VTH(42,4)} Transmit Talkdown Voice Switch I(HLDVR) = — 200nA ViRgq) = - 1V 946 | 1121 
Threshold, RSG Signal V(TSG) = 0 (See Fig. 12) mV 
VTH(16,4)| Receive Talkdown Voice Switch I(HLDVR) = + 65pA YWRse)=0 Vitgqy=0 | -27.5| - 42.5 
Threshold, RSG Signal (See Fig. 12) 
VTH(16,4)} Receive Talkdown Switch Threshold, IHLDVR) = + 65 pA Virsa) =9 — 1375| — 1633 
TSG Signal ViTs@)= +1V (See Fig. 12) 
(10) Receive Switch Guard Input Leakage V(RSG) = V(TTD) = V(RTD) = V(Ts@) = 9 —1.5 } +1.5 
S1 closed, S2-5 open (See Fig. 13) 
12) Transmit Talkdown Input Leakage V(RSG) = V(TTD) = VirtD) = ViTsq@) = 9 —1.5 | +1.5 
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TEST SPECIFICATION (Continued) 


Receive Talkdown Timing Discharge Close S4 and S5. Virtp) = — 1.0V 
Current (See Fig. 13) 
Transmit Switch Guard Time Leakage | Close S3 and S6 Vitgq) = — 1.0V 
Current — (See Fig. 13) 
Transmit Switch Guard Time Close S3 and S6. Vitsq) = 
Discharge Current (See Fig. 13) 
Transmit Talkdown Time Leakage 
Current 
Transmit Talkdown Time Discharge Close S2 and S7. V(tTp)= 
Current (See Fig. 13) 
I(9) Receive Switch Guard Time Leakage | Close S1 and S8 8 ViRSG) © 
Current (See Fig. 13) 
Ig) Receive Switch Guard Time Close S1 and S8. Vipggq) = —1.0V | 
Discharge Current (See Fig. 13) 


I(16) 
I(15) 
\(15) 
41) 


(11) 


l(22) Volume Control Leakage Current 


43) | Holdover Timing Leakage Current 

5) Noise Guard Timing Leakage Current 
(5) Noise Guard Drive Leakage Current 
(3) Q/0/0 High Leakage Current 


I(3) Q/0/0 Low Leakage Current 


VTH16,4)| Receive Talkdown Threshold 


VTH(43,4)| Holdover Timing Threshold Voitge 







[wo [Un 
; | : 

Close S2 and S7. Vittp) = — 1.0 V —1.5 | +1.5 

(See Fig. 13) 

+1.0V —1.5 | +1.5 

$1,2,3,4 open. S5,S6 closed. —-1.5 | +1.5 
VivoL) = ~ 4V Vetta) = 9 Viqoo) = 9 
V(HLDVR) = 9 (See Fig. 14) 
S1,2,3,4,5 open. S6 closed Viyo1y=9O | —1.5 | +1.5 
VtTp) =9 Viqoo) =9 ViHLDvR) = + 4-0V 
$1,4,5,6 open. S2,S3 closed. 4.5 21 
VvoL) =9 Vittp) = + 1V Vago) = 0 
V(HLDVR) = =O0V (See Fig. 14) 
$1,4,5,6 open. S2,S3 closed. 350 
VivoL)=9 V(tTp) = — 3V Viqoo) = 9 
V(HLDVA) = OV (See Fig. 14) 
$1,2,3,4,6 open. S5 closed. —12 | +12 
V(voL) = 9 Vittp) = 9 Viqoo) = +4.0V 
V(HLDVR) = (See Fig. 14) 
$1,2,3,4,6 open. S5 closed V(vOL) = 9 —12 | +12 
VtTb) = 9 V(qoo) = -— 4.0V . 
V(HLDVR) = (See Fig. 14) 
VTH(16,4) is the Voltage between pins | —24 | —46 mV 
16 and 4 at which V\13 4) makes the 
transition from >1.2V to <1.2V 

(See Fig. 15) 
VTH 13,4) is the voltage between the 915 | 1.16 V 


pins 13 and 4 at which lI;;Tp) lies 
(See Fig. 16) 


between 10 and 90 ,A. 
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TEST CIRCUITS 
Fig. 2 


42.2KQ(0.1%) 


LB1020 


22KQ 





Fig. 3- Remove load normally connected to pin 12 Fig. 4 - Remove load normally connected to pin 16 
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Fig. 5 - Remove load normally connected to pins Fig. 6 - Remove load normally connected to pins 
1,2,3 and 16 7,2,12 and 22. 










oe ND DH A kh WD 
oO ont BOW A hk YN 


= 5S 
= «8 






V(RTD) 


— 
N 









167 








TEST CIRCUITS (Continued) 


Fig. 7- Remove load normally connected to pins 
1,2,12,16 and 22 


4 KRVL) 





Co eo HN BD A ek WD 


o 


Fig. 9 - Remove load normally connected to pins 
1,2,12,16, and 22 
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°o 


V(HLDVR) - 
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Fig. 11 - Remove load normally connected to pin 12 
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Fig. 8 - Remove load normally connected to pin 3 





oe NN RD A ee BWP” 


i) 


Fig. 10 - Remove load normally to 1,2,12 and 16. 
V(NG) = voltage measured at test # 19 





4 K(RVL) 






omar awavprn = 


o 


Fig. 12 - Remove load normally to 12 and 14. 
ViNG) = voltage measured at test #19 
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oO woe NAD UH F&F VN = 
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TEST CIRCUITS (Continued) 


Fig. 13 - Disconnect load normally to pins 10,12, 14, Fig. 14 - Remove normal load from pin 12. 
and 16 Disconnect load normally to pins 10,12,14, and 16 
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Fig. 15 - Vi(nG) = voltage measured at test #19 Fig. 16 - V(NG) = voltage measured at test #19 
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SPECIAL AMPLIFIER FOR SPEAKERPHONE APPLICATION 


(See Application at the end of the chapter) 


e PROVIDES ALL VOICE PATH AMPLIFICATION 


e HIGH-GAIN RECEIVE PREAMPLIFIER 
ACCOMMODATES VARIETY OF 
MICROPHONES 


e 78 mA SPEAKER DRIVE CAPABILITY 


e GAIN, SWITCHING CONTROLLABLE BY 0-100 
yA CONTROL CURRENTS ae eee 


ORDERING NUMBER: LB1021AD 





Fig. 1 - Block Diagram 


RECEIVE PREAMP VARIOLOSSER/SPEAKER DRIVER 


RECEIVE SWITCH 
GUARD PREAMP 


RECEIVE RECEIVE 

TALKDOWN 

PREAMP RTD WARIOLOSSEn RSG OUT 
GUT CONTROL CURRENT 


———™ RECEIVE PATH 


VARIOLOSSER/LINE DRIVER TRANSMIT PREAMP 
REFERENCE 
VOLTAGE 


TRANSMIT SWITCH 
GUARD PREAMP 


TRANSMIT TRANSMIT 
VARIOLOSSER TALKDOWN 

TSG OUT CONTROL PREAMP 
CURRENT 


TRANSMIT PATH ——— 





ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 
Parameter Unit 
Power Supply Voltage 15 
Power Dissipation 900 
Storage Temperature Range —40 to +125 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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PIN CONFIGURATION 


V+ 





PIN DESCRIPTION 


Pin | Name Description 

1 TTD OUT Output of the transmit talkdown amplifier. This is a voltage which is proportional to the 
output of the microphone. 

2 TC1 This is the output of the transmit preamplifier which drives the transmit variolosser. The- 
re are two outputs of both the transmit and receive preamplifiers: one to drive the vario- 
losser, the other to drive the talkdown circuits. It should be remembered that these outputs 
are currents, not voltages. 

3 TVL IN Transmit variolosser control current input. 


BSS 


TC2 Transmit variolosser signal current input. This is connected to pin 2 via an RC circuit. 


5 MIC Microphone input. Self-explanatory. There is sufficient gain to handle low-level micro- 
phones. Higher-output microphone types may need a resistive pad. The return path to 
the mike is the mid-supply reference. 


ron) 
= 
) 
Be) 


Midsupply voltage generated on the chip; this voltage is used as the signal ground and 
is not intented to be tied to system ground. 


7 Transmit output, which drives the line in the transmit mode. 

8 Transmit switch guard output. This is a voltage intended to drive the TSG peak detector; 
it is proportional to the transmitted signal. 

9 Receive switch guard output. Proportional to the voltage which drives the speaker, it 
is an input to the RSG peak detector. 

10 Positive power supply input. 

11 Receive variolosser control current input, from the loss control circuit of the LB1020AF. 

12 RC2 The signal current input to the receive variolosser. 

13 SPEAKER The return path from the speaker, is the V— supply, not the midsupply reference. The 


MSR is the output of an operational amplifier, and cannot supply the currents needed 
to drive the speaker. The speaker is capacitively coupled. 


14 Negative power supply input. 

15 Receive talkdown output, proportional to the receive input signal. 

16 One of the two receive input connections. When the receive signal source is single-ended, 
this pin is tied to midsupply reference. 

17 RCI The output of the receive preamplifier which drives the variolosser. 

18 The other receive input (together with RIN2, pin 16) 
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ELECTRICAL SPECIFICATIONS (For all Tests, V+ =6V, V— = —6V, and all other voltages are mea- 
sured with respect to pin 4 (MSR); Ta = 25°C) 
| a [Ur 


Parameters Test Conditions 
Receive Preamplifier Gain dB 
dB 


dB 


Total Receive Path Gain Ruin) = 4 Kilohms 
Receive Max Gain/Min Gain 


Transmit Path Gain - | (Microphone to T(oyt)) 


Transmit Max Gain/Min Gain 


oe 
w 


Receive Variolosser Transimpedance 


Speaker Output Swing Vps = +5.5V, +3.5 
Rgpeaker = 450 


TiouTy drive current +3V com 


TEST SPECIFICATION (For all Tests, V+ =6V, V— = — 6V, and all other voltages are measured with 
respect to pin 4 (MSR); Ta = 25°C) 


(ps) | Power Supply Current Measure current into VS + lead co mA 
(See Fig. 2) 
MID-Supply Voltage Offset 10) + V(14) —100 | +100 
Vos = Ve) - “oy 4 
(See Fig. 2) 


Speaker Offset Voltage Ramp current out of lead 11 from 0 to 
100 pA. Measure positive and 
negative excursions of V(43,6) 
(See Fig. 3) 


Calculate difference between 
maximum and minimum value of 
V(13,6) during current ramp of test 3 
(See Fig. 3) 


Ramp current out of lead 11 from 0 to 
100 »wA. Measure positive and 
negative excursions of Vi9,¢) 

(See Fig. 3) 


V(15,6) | Receive Talkdown Offset (See Fig. 2) | 0.5 | +0.5— 
\RPRE) | Receive Preamp Offset Current (See Fig. 4) 


pA 
V+,ms) | MID Supply Current Source and Sink | VS+ = +5.5V VS— =—5.5 +600 | mV 
Capability Vary (msrp) from—10 mA to +10mA 
— 500 
V(RC1)= +2.0V, Remove normal load 
from 17 (See Fig. 6) 


Measure V¢) referenced to power 
lOS(Rpa)}| Receive Preamp Swing, Low V(RC1) = — 2.0V, remove normal load 


mA 










V(13,6) 














AV (13,6) | Receive Switch Offset Voltage 








Vi9,6) | Receive Switch Guard Offset 



























lOS(Rpa)| Receive Preamp Swing, High V(RIN1) = + 400mV 





supply ground. (See Fig. 5) 
from 17 (See Fig. 6) 
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TEST SPECIFICATION (Continued) 


VO8 aro | 
VOS(RTD V(Rin1) = — 200 mV (See Fig. 7) 

VOSirsG lace) = — 200 mA (See Fig. 8) | +4. 
VOSirsay| RSG Swing, Low Ss erncxy = — 200 mA (See Fig. 8) 
VOSispr C2) = — 500 pA (See Fig. 9) | +3.3 


Unit 


+ 
a 
on 
as 
ol 


On] 


| 
a a 
ra) on 
< 













VOS:spr)| Speaker Swing, Negative RC2) = — 500 pA (See Fig. 9 Lo -3. 
ARCMp)| Receive Preamp Common Mode V(RC1) 0.08 | — 
| election . is (Gl 
J V(RIN1) (See Fig. 10) 
ZO1, | Receive Path Transimpedance, High IAC(RC2) = 10nA rms, RvLM) = OFA, 54.1 | 93.3 kQ 
Z01,=VispKxay/liaviiny (See Fig. 11) 
Z01, Receive Path Transimpedance, Low IAC(RC2) = 180A rms, 94.4 | 428 Q 
RVLIN) = 100zA, 
201,;=VispKay/lACirc2) (See Fig. 11) . 
AV | Receive Variolosser Range AV =Z01,/Z01, 54 dB 
. . (See Fig. 11) 
Z01(RSq)| Receive Switch Gaurd AVLIN) = OuA IAC(Rc2) = 4uA rms 400 665 kQ 
Transimpedance Z01 (RSG) = VirsacouTy/!|AC(Rc2) 
(See Fig. 11) 
Aliatp) | Receive Talkdown Current Gain (RVLM) = OvA AChR) = 10nA 11 13 
Al(atD) = V(RTDOUT)/(20.5KQ x 10pA) 
(See Fig. 12) 
Alpre) | Receive Preamp Current Gain RVLIN) = OKA IAC (RM) = S0pA 7.7 16 dB 
Al(prRe) = V(rc1)/(2KQ x 30pA) 
(See Fig. 12) 


AT(Rp) | Overall Receive Path Gain VACirin1) = 20 mV (See Fig. 13) 
AT (Ap) = VispKR)/VAC(RIN1) 
VtouT) | Transmit Output Offset Vary \TvL) from 0 to 100zA while —88 | +88 
observing maximum and minimum 
V(TOUT) Transmit Switch Offset In test 26, V(OUT)(RANGE) = 88 
(RANGE) V(TOUT)(MAX)-V(TOUT)(MIN) mV 
(See Fig. 14) 


values of Vitoyt (See Fig. 14) 
Vtsq) | Transmit Switch Gaurd Offset Vary I(ry1) fro 0 to 100¥A while 


observing minimum and maximum 

values of Vitsq) (See Fig. 14) 
V(1,6 Transmit Talkdown Offset (See Fig. 2) 
tc1)_| Transmit Talkdown Offset S1 open Virc1)=0 (See Fig. 15) 


\(TC1) Transmit Preamp Swing, Negative $1 closed V(TC1)= +2V Vmic) = +0.3V A 
p 
(See Fig. 15) 
\(Tc1) | Transmit Preamp Swing, Positive S1 closed. Vitc¢1) = — 2V +450 
Vmk) = — 0.12V (See Fig. 15) 

































TEST SPECIFICATION (Continued) 








VitTp) | Transmit Talkdown Swing, Positive TTD) = — 50uA Vim) = + 0.12V 3.2 
(See Fig. 16) 
VitTp) | Transmit Talkdown Swing Negative TTD) = — 50vA Vik) = + 0.12V 1.1 
(See Fig. 16) 
Vitsq@) | Transmit Switch Guard Output, l(TC2) = +300nA de S1 closed 3.2 
Positive I(TVLM) = 9 (See Fig. 17) 
Vitsq) | Transmit Switch Guard Output, \(tC2) = — 300nA de S1 closed . —3.2 V 
Negative I(TVLIN) = 9 (See Fig. 17) 
V(TRAN) | Transmit Voltage Swing, Positive S1 open I(tc¢2) = — 800nA de 
I(TVLM) = 9 (See Fig. 17) 
V(TRAN) | Transmit Output Swing Negative S1 open, I(Tvin) =0 —2.7 
dc l(TC2) = + 800nA dc (See Fig. 17) 
Z(TRAN) | Transmit Path Trans Impedence Max | S1 open I(tvLNn) =9, I(Tc2) =1 80nA rms | 11.1 22 kQ 
Z(TRAN) = V(TRAN)/I(Tc2) (See Fig. 17) 7 
Z(TRAN) | Transmit Path Impedence Min S1 open I(TvLiny = 100pA, Irtc2) = 180 25 88 Q 
vA rms ZTRAN = V(TRAN)|(TC2) 
(See Fig. 17) 
AV(TRAN)| Transmit Loss Range . AV(TRAN) = ZT RAN(test 39)/ 46 57 
ZTRAN(test 40) (See Fig. 17) dB 
Aittp) | Transmit Talkdown Voltage Gain ITvLM) =9 Vimic)=20 mV rms 32.7 | 38.4 
ATTD = VttpyYV(mic) (See Fig. 18) 
GcTpRE) | Transmit Preamp Transconductance Tv) = OnA de Vimic)=20 mV rms 3.0 8.3 ms 
GcTPRE) = I(tvLy/10KQ/V mic) 
(See Fig. 19) 
AV (TRAN) Transmit Voltage Gain ITVL) = 9 Vmic) = 200A rms 22.5 34 
AV(TRAN) = V(TRAN)/Vmic) (See Fig. 18) 
ACT | MIC-RSG Crosstalk, High Gain rvi) = 100A Vimic) = 120 mV rms i 3.0 
ACT = ViRsqy/V (MIC) (See Fig. 18) | aB 
ACT | MIC-RSG Crosstalk, Low Gain tv) =9 Vimic) = 120 mV rms 3.0 
ACT = Virsc)/V mic) (See Fig. 18) 
ACT | RIN-TSG Crosstalk ACT=Vtgqy20 mV (See Fig. 20)| — | 10 | 
V(NOISE) | Noise Output (See Fig. 21) | — | 10 | mVrms 
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TEST CIRCUITS some 208K8 


Fig. 2 - Default Test Connection — 
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TEST CIRCUITS (Continued) 


Fig. 7 - Remove normal load from pin #15 Fig. 8 - Remove normal load from pin #9 
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Fig. 9 - Remove normal load from pin #13 Fig. 10 - Remove normal load from pin numbers 
16, 17, and 18 
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AC source; 35mV rms 
f =1.0kHz 


Fig. 11 Fig. 12 - Remove normal load from pin 17 







AC CURRENT SOURCE, 
f= 1.0 KHz 
amplitude = IAC(RIN1) 
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AC CURRENT SOURCE, 
f= 1.0KHz 
amplitude = IAC(RC2) 
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TEST CIRCUITS (Continued) 


Fig. 13 - Remove mormal load from pin 18 Fig. 14 






AC VOLTAGE SOURCE, 
f= 1.0 KHz 
amplitude = VAC(RIN1) 


ed 





V(SPKR) 


Fig. 15 - Remove normal load from pins 1 and 5 Fig. 16 - Remove normal load from pins 2 and 5 


\(rc1) { 


VvcTc!) 





Fig. 17 Fig. 18 


AC voltage source 
=1 Kiiz 
Amplitude = V(MIC) 
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TEST CIRCUITS (Continued) 


Fig. 19 - Disconnect normal load from pin 2 
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AC voltage source V(TC1) 
f=1 Zz 


Amplitude = V(MIC) 





Fig. 21 
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Fig. 20 
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APPLICATIONS 


|. INTRODUCTION 


This document is intended to provide background 
material for the application of two devices, the 
LB1021AD Speakerphone Voice Path IC and the 
LB1020AF Speakerphone Switching Circuit IC, in 
Speakerphone and Speakerphone-like applica- 
tions. Since the two ICs were designed to be used 
together, the entire discussion will relate to com- 
posite of the pair embedded in a typical Speaker- 
phone circuit. 


ll. SPEAKERPHONE TUTORIAL 


The easiest way to understand the functioning of 

this (or any) Speakerphone configuration is to con- 

sider the problems with which any speakerphone 
must deal: 

1. It must amplify an outgoing (transmit) signal 
from the microphone to a level high enough to 
meet transmit specifications. . 

2. It must amplify an incoming (receive) signal to 
a high enough power level to drive a speaker. 

3. It must prevent the instability that would occur 
if the received signal fed back to the micropho- 
ne and became the amplified transmitted signal. 


In the realization under discussion here, we solve 
problem (3) by switching the receive and transmit 
path in such a manner they are never both on at 
once. We are, in effect, always breaking one part 
or the other of the feedback path. This approach 
is termed “‘half-duplex’’ operation, as contrasted 
to ‘‘duplex’”’ operation in which both transmit and 
receive paths can function at once. As might be 
imagined, the problem of suppressing oscillation 
in duplex operation of a speakerphone, which must 
work in a rather broad range of acoustic environ- 
ments, can become quite complicated. 


Fig. 1 - Simplified Speakerphone Circuit 
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For the rest of this tutorial, we shall use the term 
‘Speakerphone Circuit” to refer to the particular 
half-duplex realization employing’ the 
LB1021AD/LB1020AF. 

We shail also, for the rest of the discussion, assu- 

me that the problem of splitting the communica- 

tion channel into separate receive and transmit 
channels has been accomplished. In ordinary te- 
lephone applications this is usually done with a hy- 
brid; in principle it could be done with a four-wire 
transmission line, or by the internal electronics of 

a CODEC or radiotelephone. 

For our circuit, we may now break the Speakerpho- 

ne into three main elements: 

1. A relatively simple transmission path which am- 
plifies the microphone signal and drives the tran- 
smission channel. It can be switched on or off. 

2. Asimple receive path which amplifies the recei- 
ved signal and drives a loudspeaker, it also is 
switchable. 

3. Acomplex switching circuit which decides bet- 
ween the receive and transmit configuration, ba- 
sed on the nature and relative amplitudes of the 
receive signal coming in over the line and that 
generated at the microphone. 


Fig. 1 illustrates a fairly primitive speakerphone 
which illustrates the basic switching scheme em- 
ployed. The diodes shown on the outputs of some 
of the amplifiers indicate that the signals at these 
points are rectified, and either the positive or ne- 
gative peak values appear. 

If we first consider the transmit and receive paths, 
the most notable feature is that we have elected 
to do our switching by changing gains rather than 
by some binary ON-OFF scheme. There is no swit- 
ching at all in the strict sense; the undesired signal 
is reduced to a very low level rather than being in- 
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APPLICATION (Continued) 


terrupted. We shall not further add to the length 

of this paper by discussing the pros and cons of 

alternate approaches, other than to note that they 

exist. 

The switching portion of Figure 1 illustrates the ba- 

sic approach to switching. Four signals are 

sampled: 

1. Transmit Talkdown (TTD), proportional to the si- 
gnal from the microphone. 

. Transmit Switch Guard (TSG), proportional to 

the signal transmitted down the line. 

Receive Talkdown (RTD), proportional to the re- 

ceived signal. 

. Receive Switch Guard (RSG), proportional to the 
signal driving the speaker. 


2 
3. 
4 


In general, switch guard signals tend to prevent a 
change of configuration, while talkdown signals 
promote a change. 

To see how the system works, suppose the system 
is in a transmit configuration, and someone is spea- 
king into the microphone. The TTD output is high, 
and its positive peaks are being held; RSG is low. 
There is therefore a large positive signal at A, which 
passes through to the A>B? comparison circuit. 
TSG is high also, and its positive peaks are held, 
while RTD is low. B is high and positive, but the 
‘diode prevents it from getting through to the com- 
parator. A therefore dominates the switching, and 
the circuit is held in transmit mode. 

Now suppose that the person on the other end of 
the line wishes to interrupt, and begins to speak 
more loudly than the person who has the line. RTD 
increases, and, assuming the person who wants 
the line is speaking loudly enough, it becomes grea- 
ter than TSG. B then becomes large and negati- 
ve. RSG has not changed, since switching has not 
yet occurred, so A is unchanged. When the ma- 
gnitudes of the receive input signal relative to the 
microphone signal becomes great enough, the cir- 
cuit will switch into receive. 

At this point TSG drops low and RSG increases. 
This causes A to decrease in magnitude, or even 
change sign; B remains negative and its magnitu- 
de increases. This drives the circuit even deeper 
into the receive configuration. Even if the micro- 
phone signal were to increase slightly, or the re- 
ceive signal were to decrease slightly, the 
configuration would not drop back into transmit. 
This hysteresis prevents the distracting rapid swit- 
ching back and forth that would otherwise occur 
when the two signal levels were very close to one 
another. 
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Although this simplified circuit provides the hyste- 
resis necessary to prevent switching instabilities 
at near-identical signal levels, it would have nume- 
rous other distracting shortcomings. 

The largest set of shortcomings derives from the 
fact that the circuit, as shown, has no built-in de- 
lays or time constants. In the transmit mode, for 
example, the system could be switched by a small 
signal, or even by noise, every time the speaker 
paused. Indeed, it could be easily switched during 
the small time intervals between words. 
Moreover, Figure 1 gives no indication that the swit- 
ching of the circuit is done over a time interval. Ho- 
wever, if background noise, speech, and any dc 
offsets in the system are switched intantaneously, 
the hearer is aware of a popping sound. Switching 
must therefore be done by ramping volume over 
a well-controlled time interval. This time interval 
must be short when speech is being switched, sin- 
ce clipping of the initial syllable must be avoided. 
In the present speakerphone system, the line al- 
ways falls back to receive when no one is spea- 
king. In this case, the primary source of pop is noise 
and d.c. offset, and there is no speech to mask it, 
and the gain rampup time can and should be 
longer. 

If a simple speakerphone is used in an environment 
where there is a steady noise in the background, 
that noise can easily dominate the switching, so 
that the speakerphone would tend always to fall 
back into the transmit state. A feature that auto- 
matically subtracted out a constant, or at least a 
slowly varying, background noise before making 
the switching decision wuold be useful in many ap- 
plications. 

Finally, we have not yet considered user-controlled 
features that would normally be needed: volume 
control, muting (so that transmission can be cut off 
during a side conversation) and, of course, on-off 
controls. 


ltl. Speakerphone Block Diagram 


Figure 2 is a diagram of the whole speakerphone 
configuration realized with LB1020AF and 
LB1020AD pair. 

Let us begin with the transmit gain path. This con- 
sists of: 


Transmit Preamplifier This takes the incoming vol- 
tage signal from the microphone, amplifies it, and 
converts it to two proportional currents. (The mul- 
tiplication step which follows is more easily accom- 


APPLICATION (Continued) 


plished working with currents). One current goes 
to the transmit multiplier, the other to transmit talk- 
down (TTD) amplifier. 


Transmit Multiplier, which attenuates the current 
output of the transmit preamplifier by a factor pro- 
portional to the TVL current from the loss control 
circuit. 


Transmit output driver. At this point the current 
is converted back to a voltage; the voltage at this 
point is the transmitted voltage. 


The receive amplifier chain is very similar to the 
transmit chain: 


Receive preamplifier This amplifies the received 
signal from the line and converts it to two currents. 
One current drives the receive multiplier, the other 
is the input to the receive talkdown (RTD) ampli- 
fier. Notice that, unlike the transmit preamplifier, 
this preamplifier has a differential input: that’s the 
way telephone signals often come. 


Receive Multiplier attenuates the current from the 
receive preamplifier by a factor proportional to the 
RVL output of the loss control circuit. 


Loudspeaker Driver Converts the current from the 
receive multiplier, and provides sufficient power to 
drive a 45 ohm speaker. 


Fig. 2 - Functional block diagram 
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t=1sec 
HOLDOVER 
DELAY 





The decision of whether to be in transmit or recei- 
ve mode is based on samples of the power levels 
at four points: microphone, receive input, speaker, 
and transmit output. The circuitry which performs 
the decision function is driven by four voltage in- 
puts. Four preamplifiers are necessary to provide 
voltages proportional to the four signals. These are: 


Transmit Talk Down The reason for the nomen- 
clature is covered in the preceeding section and 
will not be repeated here. Since we must convert 
a Current to a voltage, this is a transresistance am- 
plifier, and provides a voltage proportional to the 
microphone signal level. 


Transmit Switch Guard This is a voltage ampli- 
fier, and samples the transmitted voltage. 


Receive Talk Down A transresistance amplifier 
whose output is proportional to the received signal. 


Receive Switch Guard A voltage amplifier whose 
output is proportional to the speaker drive level. 


The outputs of these four amplifiers are a.c. cou- 
pled to peak catcher circuits via external RC cir- 
Cuits. This external coupling circuit can be selected 
to vary the characteristic time constants of the peak 
catchers. Figure 3 illustrates the block diagram of 
a typical peak catcher circuit. . 

This might be a good place to point out that the 
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APPLICATION (Continued) 


ground signal, where shown, refers to a voltage 
midway between the positive and negative voita- 
ges. The power supply is often single-ended, and 
generating a mid-supply reference (MSR) voltage 
provides the stable signal reference which is criti- 
cal in a circuit which employs high gains, as this 
one does. 

There are two RC circuits involved in the structu- 
re: one is the coupling circuit feeding the peak cat- 
cher, the other is a timing circuit within the catcher. 
Of course, the coupling circuit can in principle in- 
fluence the time constant, but normally the values 
of R1,R2, and Ci will be selected so that the 
(R1 +R2)C1<R3 x C2. The purpose of R1 and R2 
is not to set timing, but rather to set the relative 
weighting factors of RSG, RTD, TTD, TSG, and NG. 
The voltage input to the peak catcher is converted 
to a current, and drives a circuit which has a fast 
attack time, but a decay time set by an external 
R3 x C2 circuit. The fast attack time assures that 
the circuit will respond quickly enough that initial 
syllables will not be lost. The long decay time con- 
stant assures that the peak catcher will bridge short 
gaps in the conversation. 


Fig. 3 - Block diagram of typical peak character 
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The sense of rectification of the peak catchers is 
selected so that a positive-going output tends to- 
wards a decision for transmit, while a negative- 
going waveform corresponds to receive. Thus the 
TTD and TSG peak detectors put out a positive wa- 
veform, while the RSG and RTD peak detectors put 
out negative waveforms. 

There is a fifth circuit lumped in with the peak de- 
tectors, called the noise guard. Its input is the (po- 
sitive) output of the transmit talk down peak 
detector. The noise guard is a quick-decay, slow 
attack inverting circuit with a very long (10 second) 
time constant. Its effect is therefore to subtract out 
that component of the TTD signal which is the time- 
averaged minimum of the TTD waveform. Such a 
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factor would be significant if there were a steady 
noise in the background from air conditioning, fans, 
factory, machinery, etc. 

The outputs of the five peak catcher circuits (to be 
really precise, we would have to call the noise guard 
a valley catcher) are fed into a precision threshold 
comparator. This portion of the circuit is more than 
a simple comparator. Basically, it recognizes three 
states: forced transmit, forced receive, and idle. 
The idle state corresponds to the situation where 
neither the microphone nor the incoming receive 
signals are high enough to force the configuration. 
In this case, the default state is receive. 
However, as was explained in section Il, switching 
under such a condition can give rise to an audible 
pop. Moreover, there is no hurry to switch to the 
default condition, and we would therefore like to 
make the switching time constant long compared 
to that of forced switching. 

The circuit therefore has two switching time con- 
stants, set by the parallel external RC combination 
called the holdover timing network. The switching 
time during forced switching is set by the capaci- 
tor only, which is driven by 500 »A during a forced 
switching condition. Switching corresponds to a 5V 
change accross the capacitor, so forced swiching 
time is 5C/500 A; it would be about 5 milliseconds 
for a 47 »F capacitor. 

The switching time for idle state switching is set 
by the time for the voltage of 5.8 volts, which is the 
normal transmit state voltage, to decay to zero. Sin- 
ce no currents are being forced under this condi- 
tion, the time is set by the time constant of the RC 
circuit. For reasonable values of R, this is on the 
order of a second or two. 

As has been noted before, the switching action is 
implemented by having the loss control circuit ge- 
nerate two control currents, receive variolosser 
(RVL) and transmit variolosser (TVL) currents. The- 
se currents control the attenuation of the two am- 
plifier path multipliers. The nominal range of these 
control currents is from 0 to 100 nA. Zero current 
corresponds to minimum attenuation, while 100 pA 
is maximum attenuation. The two currents track; 
this is necessary to prevent overall loop gain from 
ever getting high enough to cause feedback and 
instability. Receive variolosser control current is 
modified by the setting on the volume control in- 
put, so that, in the receive mode, the RVL control 
current, instead of being a nominal zero, is a func- 
tion of the volume control voltage. — 4 volts on the 
volume control input lead corresponeds to mini- 
mum volume, 0 volts is maximum volume. 


APPLICATION (Continued) 


In addition to the volume control, there is a quiet- 
on-off control. When the voltage at this point goes 
above + 2V with respect to midsupply, the system 
is locked out of the transmit configuration. This is 
useful if one wants to have a side conversation wi- 


GZ Z 


TO TRANSMIT ] i FROM RECEIVE 


HYBRID HYBRID 


Ri Re 


Vee, 










Dw LA) 


UD LOO Ar 





thout the person being called overhearing. The pho- 
ne is forced into an “‘off’’ state when the voltage 
is pulled below —2V with respect to midsupply. 
With the voltage at midsupply, the normal ‘‘on”’ 
conditions prevail. 


V+ Vs 


10 





LoalSj]] =2C13 
© Rees a 
12 1625 1 55] 7 V- 
24 ° 
3 [ ; 
44 Q/0/0 
i 
{ 


ee) 
R26 Re4 


Re3 

R1 =3.01 KQ R12 = 7.87 KO 
R2 =2.05 KQ R13=2.05 KQ 
R3 =2.05 KO R14 =38.3 KO 
R4 =2.05 KQ R15=18.7 KO 
R5 =2.05 KQ R16 =205 KQ 
R6 =196 KQ R17=100 KQ 
R7 =3.15 KQ R18=100 KQ 
R8 =1.87 KQ R19=21.5 KO 
RO =59 KQ R20=3 MQ 

R10 = 78.7 KQ R21 = 21.5 KQ 
R11=10 KQ R22 = 21.5 KQ 


R23 = 42.2 KQ C8 =4.7nF 
R24 = 100 Q C9 =4.7nF 
R25 = 21.5 KQ C10=1pF 
R26 =10 KQ C11 =1pF 
C1 =68nF C12=47pF 
C2 =20pF C13 =0.1pF 
C3 =10nF C14 =0.47yF 
C4 =47nF C15=0.47pF 
C5 =0.22uF C16 =0.47pF 
C6 =10nF C17 =0.47pF 
C7 =2.2nF C18=0.47pF 
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QUAD LINE RECEIVERS 


e MEETS EIA RS-422A/423A SPECIFICATIONS 


e FOUR INDEPENDENT RECEIVERS WITH 
COMMON STROBE TTL COMPATIBLE INPUT 


e ELECTROSTATIC DISCHARGE PROTECTION 
ON RECEIVER INPUTS 


e REQUIRES ONLY A SINGLE 5V (+ 10%) 
POWER SUPPLY 


e INPUT SENSITIVITY: 
LB1022AC +200 mV 
LB1022BC +500 mV 


e MINIMUM INPUT HYSTERESIS: 
LB1022AC +15 mV 
LB1022BC +30 mV 


e INTERNAL FAIL-SAFE FORCES THE OUTPUT 
HIGH FOR AN OPEN INPUT CONDITION 


e TYPICAL PROPAGATION DELAY OF 17 ns 


The LB1022AC and LB1022BC Quad Line Recei- 
vers are general purpose quad line receivers for 


Figure 1 - Functional Diagram 


NOTES: R1 and R6 are fail safe resistors. 
R2,R3,R4,R5 form an input Divider. 








PRELIMINARY DATA 
AN AT&T PRODUCT 


DIP-16 B Plastic 


ORDERING NUMBER: LB1022AC 
LB1022BC 


balanced and unbalanced data transmission. A TTL 
compatible Enable, Enable is common to all four 
receivers in the device package. The Enable, 
Enable allows the output to assume a high im- 
pedance state for output busing. These devices are 
encapsulated in a 16-pin plastic dual in-line pac- 
kage (DIP) and designed to meet industry standard 
EIA RS-422A specifications for the LB1022AC and 
EIA RS-423A specifications for the LB1022BC. 
They are pin compatible replacements for devices 
26LS32 and 26LS33, respectively. 





PULLUP 
TRANSISTOR 


PULLDOWN 
TRANSISTOR 


COMPARATOR 


With the internal reference VREF, these components 


set the input characteristics. 
One of four identical circuits shown. 
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PIN CONFIGURATION 


V+ 
Ain+ [2 Bin- 
Aout [] 3 Bin+ 
ENABLE [] 4 Bout 
Cout (| 5 ENABLE 
Cin+ [7] 6 DouT 


DIN+ 





COMMON L/8 


PIN DESCRIPTION 


Pin Symbol | p Name Symbol Name 
1 AIn- |Neg. Input, Rec’rA | | DIn- Neg. Input, Rec’r D 
a Ane Din | Pos. Input, Rec'r 0 

3 AouT DoutT Output, Rec’r D 

4 | ENABLE ENABLE | Enable Input 

5 CoutT Bout Output, Rec’r B 

6 

7 

8 





Cin + Pos. Input, Rec’r C Bin + Pos. Input, Rec’r B 
Cre Neg. Input, Rec’r C 15 Bin - Neg. Input, Rec’r B 


COMMON | Circuit common (not necessarily 16 V+ Supply Voltage, External 
physical or system ground). 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 

Parameter Unit 
Supply Voltage (V +) | 7.0 V 
Control Input Voltage (Enable, Enable) 7.0 V 
Input Common Mode Range +25 V 


Input Differential Voltage +25 V 
Storage Temperature Range —40 to 125 °C 
Pin Soldering Temperature (t= 15 sec.) 300 °C 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 
Parameter Value Unit 
Supply Voltage (V +) 4.5 to 5.5 V 
Operating Ambient Temperature Range 0 to 85 °C 


Input Common Mode Range 
LB1022AC +7.0 V 
LB1022BC +15 V 
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ELECTRICAL CHARACTERISTICS (0<Ta<85°C, 4.5< V+ <5.5, unless otherwise specified) 


Test Conditions | Min | Max | Unit 


Parameter 


Differential Input 
Thereshold Voltage 


Dynamic Input Resistance 


Input Current 


Input Hysteresis Voltage 


High Level Output Voltage 


Low Level Output Voltage 


Output Short Circuit Current 


Off State Output 
Current (High Z) 


Power Supply Current 


Input Low State Voltage’ 
input High State Voltage’ 
Low State Current! 

High State Current! 

High Voltage Current? 
Input Clamp Voltage’ 


lo= —0.4mA, Voy 22.7 (See Fig. 4) 
LB1022AC -—7V <Vcom </7V 


LB1022BC —15V <Vcoy <15V 


lo =4mA, Vo, <0.5 
LB1022AC —7V <Voy <7V 
LB1022BC —15V <Voy <15V 


(See Fig. 4) 


—15V <Vom <15V 
One input AC GND 


Vin = 15V 
Vin = — 15V 


V+ =5V; Ta =25°C 
LB1022AC Voy = +7V 
LB1022BC Voy = + 15V 


V+ =4.5V 
VENABLE = 0.8V; lon = — 440pnA 


(See Fig. 7) 








V+ =5.5V 
Vip = — 0.8V 


VENABLE = 0.8V 


Vo=O0V, V+ =5.5V 
Vip=1V 


V+ =5.5V, Vo =2.4V 
V+ =5.5V, Vo =0.4V 


(See Fig. 7) 











(See Fig. 9) 


V+ =5.5V 
All Inputs GND, Output Disabled 


V+ =5.5V, Vin =OV 


(See Fig. 10) 





V+ =5.5V, Vin=2.7V 


V+ =5.5V, Vin=5.5V 








(See Fig. 6) 2.3 
—2.8 

—-15 ; +15 
—30 | +30 
far | - 


fezma [= [or 
T= [oe 


Seay 
ee 


a 
ref — 
=e 


ect 


Note 1. These specifications refer only to Enable and Enable inputs (pin 4 and 12 respectively). 
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TIMING CHARACTERISTICS 


Characteristic and Conditions | Min | Max Unit 


aesowm LP | = | 

=o: 

(SeeFig.2) | ta | — | 2 | 

Viz | - |» 

Propagation Delay Time Ry = 1.67 kQ ns 
(SeeFig.s) | texz | — | 27 _| 

tea | — | 2 | 

R, =5.0 kQ 

(See Figg) | tzu | — | 24 





TEST CIRCUITS 
Fig. 2 - Signal Propagation Delay Time 


DIFFERENTIAL 
INPUT 


(IN PHASE 
WITH OUTPUT) 


OUTPUT —— — — —— 


. V ENABLE = V ENABLE = 0.4 V 
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TEST CIRCUITS (Continued) 
Fig. 3 - Enable/Disable Delay time 


ENABLE 
INPUT 


OUTPUT NORMALLY 
LOW (S2 OPEN) 


OUTPUT NORMALLY 
HIGH (S1 OPEN) 


Notes: S1 and S2 of Load Circuit are Closed Except as Noted Above, and V ENABLE = 1.8 V 
Pulse Generator: Rate < 1.0 MHz, Zo = 50 Q, tr < 15 ns, tf < 6 ns 














TEST CIRCUITS (Continued) 
Fig. 4 





Fig. 5 : 





" 
e 
2 

A 

= 
ao 
< 


VEN 


Fig. 6 





VEN = VEN < 0.8 V 
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TEST CIRCUITS (Continued) 
Fig. 7 





Fig. 8 


los 





Fig. 9 
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TEST CIRCUITS (Continued) 





Fig. 10 


0 =low state (Vj, <0.8V) 
1 =high state (Vj, >2.0V) 


Fig. 11 - Block Diagram 


ENABLE ENABLE 'Npz 'Noqy 'Nc2 'Ncy !Np2 !Ney INag Nag 
120 49 90 100 70 60 159 149 190 20 


V OUT B 


S- 9025 
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APPLICATION 


The following Truth Table shows the ENABLE, and 
ENABLE conditions which must be met to provide 
specific ‘‘Receiver Output States’’. 

The following diagram illustrates basic information 
for application of the LB1022A and B line receiver 





devices in a Two-Wire Balanced RS-422A System. 
This particular diagram shows the LB1022A Line 
receivers interfacing with the LB1023AC Line 
Driver. 


Fig. 12 - Quad Line Receiver Application Diagram 


LB1023AC 


O DATA OUT 


TERMINATING 


ENABLE, ENABLE 
CONTROLS 





RESISTANCE 


ENABLE, ENABLE 
CONTROLS 
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QUAD LINE DRIVER 


MEETS EIA RS-422A REQUIREMENTS 
PROPAGATION DELAY IS LESS THAN 20 ns 


e ENABLE OR ENABLE TO OUTPUT DELAY IS 
LESS THAN 40 ns 


e TTL COMPATIBLE ENABLE AND ENABLE 
INPUTS 


e POWER SUPPLY CURRENT IS REDUCED TO 
LESS THAN 40 mA WHEN DEVICE IS 
DISABLED 


e OUTPUT SKEW (TIME DELAY BETWEEN 
DIRECT OUTPUT AND INVERSE OUTPUT) TY- 
PICALLY 2 ns 


The LB1023 Quad Line Driver is an integrated 
Circuit consisting of four independent line dri- 
vers with a common control for both ENABLE and 
ENABLE. It provides high speed differential drive 


Fig. 1 - Functional Diagram 


INVERSE 
DRIVER OUTPUT 
INPUT 

DIRECT 

OUTPUT 


INVERSE 
DRIVER OUTPUT 
INPUT 

DIRECT 

OUTPUT 


ENABLE 


ENABLE 


INVERSE 
DRIVER OUTPUT 
INPUT 

DIRECT 

OUTPUT 


INVERSE 

DRIVER OUTPUT 
INPUT 

- DIRECT 

. OUTPUT 











PRELIMINARY DATA 
AN AT&T PRODUCT 


DIP-16 A Plastic 


ORDERING NUMBER: LB1023AC 


to transmission lines having an impedance of at 
least 100 ohms. Each of the four drivers has a com- 
plementary tristate output. The LB1023 requires on- 
ly a single 5 volt supply (+ 10%) for operation. 


PIN CONFIGURATION 


AIN (J 1 

Ao-D L] 2 
Ao-1} 3 
ENABLE [| 4 
Bo-| (] 5 
Bo-D L| 6 

BIN Lj 7 
COMMON L| 8 


16 (J V+ 

15 |} DIN 

14 J Do-p 

13 J Do-1 

12 1] ENABLE 
11 |) Co-1 

10 {J Co-p 

9 {J CIN 
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PIN DESCRIPTION 


Name Description 


AIN TTL compatible inputs for Line Drivers A through D respectively 
Aop Non-inverting Line Driver outputs for drivers A through D respectively. 
Aol Inverting Line Driver outputs for drivers A through D respectively. 


ENABLE Logic-High-Enable, TTL compatible input. See Truth Table under Applications for logic program- 
ming of this pin. 


ENABLE Logic-Low-Enable, TTL compatible input. See Truth Table under Applications for logic program- 
ming of this pin. 


V+ Connection for external power supply. 


COMMON Circuit common (not necessarily physical or system ground). 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 


Ambient Operating Temperature Range 0 to +70 °C 
Storage Temperature Range —40 to +125; °C 
Pin Soldering Temperature (t= 15 sec.) °C 
Power Supply Voltage (V +) V 
_Input Operating Voltages, V+, Driver Inputs, ENABLE and ENABLE V 
Driver Output Current mA 





Stresses in excess of those listed under ‘“‘Absolute Maximum Ratings’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


TIMING CHARACTERISTICS (Ta = 25°C, V+ =5V, See Fig. 7) 


Characteristics | Min. 
Transition time; (see Figure 2) a 
Propagation Delay Time; (see Figure 3) . eee 


















TTHL OF TTLH 


TpHL Or TeLH 





Vop to Vo; Time Difference; (see Figure 2) 


Overshoot, (see Figure 3) 
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TIMING CHARACTERISTICS (Continued) 
Driver Disable and Enable Times (see Figures 4, 5 and 6) 





Characteristics 






Output ENABLE Times (See Fig. 5 and Note 1): 
Output high to ‘‘high impedance’”’ 
Output low to “high impedance”’ 






Output Enable Times (See Fig. 4 and Note 1)): 


‘High impedance”’ to output high; 
‘High impedance”’ to output low 


NOTE 1: The device is disabled when ENABLE = LOW and ENABLE = HIGH. All other conditions of ENABLE and 
ENABLE will allow the device to operate (see Truth Table under Applications). 


TIMING DIAGRAMS 
Fig. 2 - Propagation Delay and tskEw Diagram and Associated Load Schematic 





—— — — % (VoH + VOL) 


pirect Vo-D Wee 


OUTPUT 
tskew tskew (Note) 


INVERSE VO-! 


OUTPUT wen 


Ye (VOH + VOL) 


Note: tskew is defined as the absolute time difference between the average voltage of the input and its comple- 
ment. The average voltage is 1/2 (VoH+Vo_. Either output, Vo.p or Vo.) may occur first. 


V(peak) * 


DRIVER 1.0 uF 


Vo-D R 
“> fe"? m * Where V+ =Steady-State 
Vo Z Step Voltage and 


Vpeak = Peak Step Voltage 














TIMING DIAGRAMS 


Fig. 4 - Enable and Output Waveforms Fig. - 5 Enable and Output Waveforms 





ENABLE 


ENABLE 


| 
—>| tZL —— 
OUTPUT | 
NORMALLY 


LOW OUTPUT 


NORMALLY ———_———_————-m» 
LOW 


OUTPUT 
NORMALLY ————_—-» 


HIGH 


OUTPUT 
NORMALLY —————_ 


HIGH 


| 
| 
—p zo fe— 


Shed 
bt 





Fig. 6 - Associated Enable, Enable Loading Diagrams 


tLz & tHz 


OUTPUT tZH LOAD 
UNDER 


OUTPUT TEST 
UNDER OUTPUT 


75 0 
30 pF UNDER 
TEST TEST 
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Fig. 7 - Switching Time Test Configuration 





ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise specified) 





Output Voltage V+ =4.5V, lo =20mA, (See Fig. 8) fHigh | 25 | — | 3.5 7 
Vin =2.0V, Vi, =0.8V (See Fig. 8) 0.05 | fos | 
Input Clamp Voltage V+ =4.5V, lin = —18MA (See Fig. 9) fo | — | —1.5 
Power Supply Current V+ =5.5V, Vin=O (See Fig. 10) }NoLoad | 45 | — | 90 | a 
W+=85V vin=20V ee Fe 10)[Osades | a0 | — | «0 
Output Current Vo =0.5 or 2.5V (See Fig. 11) Disabled | — | — | +20 h 
Vo= 0.25 or 6.0V (See Fig. 12) }Power off | — | — | +100 
V+ =5.5V (See Fig. 13) | Short-Circuit | — | — | -180) 
Input Current Vin = 0.4V (See Fig. 14) flow =| o | — | — 0.36 
Vine oy (See Fig. 14)| High = | — | — | £20] nA 
Vin = 7.0V (See Fig. 14) | Reverse 0 — 0.1 mA 
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TEST CIRCUITS 


Fig. 8 - Output Voltage (High) (Low) 
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TEST CIRCUITS (Continued) 


Fig. 13 - Output Current, Short Circuit Fig. 14 - Input Current (Low) (High) (Reverse) 





APPLICATION 


The following Truth Table shows the V + , ENABLE, tion of the LB1023 line driver devices in a Two-Wire 
ENABLE and ‘‘Data In’’ conditions which must be Balanced RS-422A System. This particular diagram 
met to provide specific ‘‘Driver Output States’’ (both shows the LB1023 Line Driver interfacing with the 
direct and inverse outputs). LB1022A type Line Receivers. 

Figure 15 illustrates basic information for applica- 


TRUTH TABLE 


Condition 1 | Dataint | Direct Output Inverse Output 
Enable is High Low Low High 
Enable is High Care Impedance Impedance 
V+ is Low Don’t High High 
(<= 0.5V) Care Impedance Impedance 


NOTE 1: High and Low levels for Enable, Enable and Data In are TTL levels (Viy=> 2.0V, Vi, < 0.8V). 
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Fig. 15 - LB1023 Quad Line Driver Application Diagram 


ENABLE, ENABLE 
CONTROLS 





LB1022AC 
LB1022BC 


TERMINATING 
RESISTANCE 


ENABLE, ENABLE 
CONTROLS 
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PRELIMINARY DATA 
AN AT&T PRODUCT 


DIGITAL-SIGNAL TRANSCEIVERS 


e TRANSMITTED OUTPUT OF CURRENT- 
LIMITED, COMPLEMENTARY VOLTAGE 
PULSES 


e POSITIVE — AND NEGATIVE — RECEIVED 
SIGNALS ARE DETECTED SEPARATELY 


e TTL COMPATIBLE INPUTS AND OUTPUTS 


e HIGH INPUT IMPEDANCE ALLOWS 
TRANSCEIVER TO BE DRIVEN BY EITHER 
TTL OR CMOS 


e 40 kHz OPERATION 


e CAN BE POWERED BY A SINGLE 5V POWER 
SUPPLY 


e ENABLE INPUTS (DRIVE AND RECEIVE) ARE 
TIED TOGETHER (LB1024AB ONLY) 


e ENABLE INPUTS (DRIVE AND RECEIVE) MAY 
BE OPERATED INDEPENDENTLY OR TIED 
TOGETHER 


e MINIDIP PLASTIC; LB1024AB 

e 16-PIN PLASTIC DIP; LB1024BC 

Each transceiver receives or transmits on a ‘‘one 
pair’ transmission line. The outputs are current li- 


Fig. 1 Functional Diagram 


DRIVE 
ENABLE 





Minidip A DIP-16 A Plastic 
ORDERING NUMBER: LB1024AB 
LB1024BC 


mited to prevent damage from faults to ground, 
faults to the positive supply, or faults from line to 
line. Transmission radiation is minimized by having 
one driver that raises the voltage (approximately 
0.7V) on one line of a wire pair, while another dri- 
ver lowers the voltage (approximately 0.7V) on the 
other line. Thus, the DC level of the pair remains 
constant. Two receive comparators sense differen- 
tial voltage on the wire pair. Both outputs are low 
when the differential voltage is below a set thre- 
shold value. The PRP comparator goes HIGH for 
positive signals and the NRP comparator goes 
HIGH for negative signals. 


SEE NOTE 1 


SIGNAL 
Ju 


TRANSMISSION 
LINE 


POSITIVE RECEIVE 
PULSE (PRP) 


RECEIVE 
ENABLE 


NEGATIVE RECEIVE 
PULSE (NRP) 


NRP 
COMPARATOR 


NOTE 1: The DRIVE and RECEIVE ENABLE pins are internally tied together for the LB1024AB device only. 
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PIN CONFIGURATION 


CR1 116 CTl 


DRIVE ENABLE1 RECEIVE ENABLE1 


SIGNAL PRP1 

V+ NRP1 

SIGNAL2 NRP2 

DRIVE ENABLE2 PRP2 


CR2 RECEIVE ENABLE2 


CT2 GROUND 





LB1024AB LB1024BC 


PIN DESCRIPTION 


NOTE (For the LB1024BC dual version device only). A designator (either 1 or 2 following the pin name) means that 
this terminal is part of either transceiver section 1 or 2 respectively. 


Name . Description 
CR Line Driver/Receiver (negative output/input terminal). This pin interfaces with an external 
CR1, CR2 transmission line. 
CT Line Driver/Receiver (positive output/input terminal). This pin interfaces with an external 
CT1, CT2 transmission line. 
NRP Logic output terminal for the Negative Receive Pulse comparator. This output is HIGH for 
NRP1, NRP2 negative input pulses. 
PRP Logic output terminal for the Positive Receive Pulse comparator. This output is HIGH for 
PRP1, PRP2 the positive input pulses. 


A logic HIGH on this terminal activates the ‘‘transmit’’ function for the LB1024BC device. 


DRIVE ENABLE 
DRIVE ENABLE1 
DRIVE ENABLE2 


The “‘drive enable”’ and ‘‘receive enable’ functions are internally tied to the DRIVER 
ENABLE pin for the LB1024AB device. Thus, with a logic HIGH or logic LOW on this pin, 
the LB1024AB is either in a “‘transmit’’ or ‘“‘receive’’ mode respectively. 


A logic low on this terminal activates the ‘‘receive’’ function for the LB1024BC device. 
The LB1024AB devices has no external pin for this function. In the LB1024AB device, the 
“receive enable’’ function and the ‘‘drive enable” function are both tied to the DRIVE 


RECEIVE ENABLE1 
RECEIVE ENABLE2 


SIGNAL 
V+ 
GROUND 


ENABLE pin. 

The comparator outputs are disabled when the receiver section is disabled. The compara- 
tor outputs are a logic LOW when the differential voltage of CT minus CR is below a set 
threshold value. 

Input for line driver signals. 

Connection for external power supply 


Circuit common (not necessarily physical or system ground). 
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 
Parameter 


Power Supply Voltage 

Line Driver/Receiver Voltage (CT or CR to V+); LB1024AB 

Line Driver/Receiver Voltage (CT or CR to V+); LB1024BC 

Line Driver/Receiver Voltage (CT or CR to GROUND); LB1024AB 
Line Driver/Receiver Voltage (CT or CR to GROUND); LB1024BC 
Inputs (DRIVE ENABLE, CT or CR to GROUND) 


Inputs (DRIVE ENABLE, SIGNAL or RECEIVE ENABLE TO V+) +1.0 
Ambient Operating Temperature Range 0 to +70 
Storage Temperature Range —40 to +125 





Pin Soldering Temperature (t= 15 sec.) 300 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (at 25°C unles otherwise specified) 


Parameter Test Condition 


Unit 





Power Supply Current (Comparators: 
Enabled-Voltage Drivers Disabled) SS 5 29 mA 
ae | pean as 
LINE DRIVER , | 
Output Voltage 1.3 
150 Load 2.8 
See Fig. 2)| 0 | 18] V 
Open Circuit (See Fig. 3) 
Differential Output Voltage | Driver Off | Open Circuit (See Fig. 3)|_ — | 0.01, 
Short-Circuit Output Current 
bi 
LINE RECEIVER 
Ouptut Voltage High-Level (AVin = +1.0V) (See Fig. 5) 
Low-Level (AVin = + 1.0V) (See Fig. 5) et : 
Small-Signal (AVin = +0.2V) (See Fig. 5) 
Input Voltage See Table 1 


Output Leakage Current High State, Disabled Mode, Vout = OV (See Fig. 3) 
Low-State, Disabled Mode, Vout = 5.0V (See Fig. 3) 


| 
: — 
© 
= 
> 


— 
io) 


LOGIC INPUTS 


Input Voltage Maximum Low-Level . 
Minimum High-Level 2.0 
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TEST CIRCUITS 


Fig. 2 - VouT Voltage Fig. 3 - Driver Output Voltage 


150 0 VDIFFERENTIAL 






LB1024 , SIGNAL 1 
LB1024 
SIGNAL 2 


150 © VDIFFERENTIAL 





Fig. 4 - Driver Short Circuit Output Current Fig. 5 - Receiver Output Voltage 


+5 Vo 


| SHORT CIRCUIT 






SIGNAL 1 






SIGNAL 2 
LB1024 


| SHORT CIRCUIT +2V 


+5 V0 


206 





APPLICATION 


Table 1 gives the logic information necessary for sceiver device. This diagram illustrates two types 
the operation of the LB1024 type Transceivers. of ‘‘enable control’ operation: combined and in- 
Figure 6 is a typical application of the Dual Tran- dependent control. 


Table 1 - LB1024AB, LB1024BC Operation Table 





Mode Drive Output Input 
Enable (Transmit) (Receive) NRP 
CT-CR CT-CR 
Transmit ristortv | = | tT | ot 
ek) 
Receive 
moe {| t§ | & | x | = [ s-1v [| oe | 
a 


T =Tristated (disabled) output 
X=Don’t care 


Fig. 6 - LB1024BC Dual Digital-Signal Transceiver Application Diagram 


PRP 1 AL Le 
eee LB1024BC LB1024BC 


SIGNAL 1 SIGNAL 1 
SIGNAL 2 SIGNAL 2 


DRIVE RECEIVE 


} veces 
ENABLE ENABLE DRIVE RECEIVE 


ENABLE ENABLE 


OO 
COMBINED 
ENABLE CONTROL 
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® 


QUAD BUS TRANSCEIVER 


e FOUR INDEPENDENT TRANSCEIVERS 
e LOW OUTPUT CAPACITANCE (<6pF TO BUS) 


e SIMULTANEOUS RECEIVE/TRANSMIT 
ENABLING OF ALL TRANSCEIVERS 


e TTL COMPATIBLE INPUTS © 

e TRISTATE RECEIVER OUTPUTS 
e RECEIVER INPUT HYSTERESIS 
e DRIVER OUTPUT HIGH IS 75mA 
e 5V SUPPLY VOLTAGE 


Each transceiver will interface a tristate bus with 
a large, low-impedance party-line bus. It has cur- 
rent source drive to the party-line bus and main- 
tains tains a high-impedance load to this bus under 
all conditions. 


Fig. 1 - Functional Diagram 


ENABLE Eo 
(Eo) THRESHOLD 


TRANSMIT ENABLE 
(TE) 


ENABLE 
(E+) 
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PRELIMINARY DATA 
AN AT&T PRODUCT 


<r 


1 


DIP-16 A Plastic 


ORDERING NUMBER: LB1025AC 


All receivers have tristate outputs and therir inputs 
have built-in hysteresis to improve noise control. 
Fail-safe design ensures that transmit is disabled 
when the enable pins are open. 


REC. 
THRESHOLD 


ENABLE VREF 
DRIVER 


CURRENT 
REFERENCE 
) 


BANDGAP 
REFERENCE 
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PIN CONFIGURATION 





PIN DESCRIPTIONS 


Description Name 
Data 1 Data inputs/outputs. These pins connect to the input/output terminals of user defined 
Data 2 equipment (computers and computer peripherals, instrumentation equipment, etc.). 
Data 3 
Data 4 
Bus 0 Bus transmission line inputs/outputs. These pins are the inputs for the “‘receive’’ opera- 
Bus 1 tion and the outputs for the “‘transmit’’ operation. 
Bus 2 
Bus 3 
V+ External supply voltage (+ 4.75V to 5.25V). The supply voltage pins (3 and 14) are inter- 
nally connected together. 
COMMON Circuit common (not necessarily physical or system ground). 
Eo Enable (zero) and Enable (one). See TABLE 1 for logic programming of these pins. 
Ey 
TE Transmit/Receive control input. See TABLE 1 for logic programming of this pin. 
POR Power on reset. A non-inverting buffered signal of the Eg input may be obtained from 
this. pin. 
IPROG This pin can be programmed to vary driver output currents for test purposes only. This 


pin should be connected to V+ for all applications. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 

Parameter Unit 
Ambient Operating Temperature Range 0 to +70 °C 
Storage Temperature Range —40 to +125 °C 
Pin Soldering Temperature (t= 15 sec.) 300 °C 





Operating Voltage (all pins) | 5.5 V 


Stresses in excess of those listed under ‘“‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (Ta =25°C unless otherwise specified) 


Parameters Test Conditions 


Unit 






































Input Voltage High-level P20. eens 
Driver Input Current High-Level | — |-0.03} —40 | pA 
Section Low-Level | — |-0.05) —0.2 ; 
m 
Output Current High-Level —67.5 — 82.5 
Input Threshold Voltage High-to-Low 06 | 
Low-to-High 1.1 
Output Voltage _ High-Level — . 
Receiver 
Section Low-Level a 0.35 0.4 
Input Current High-Level P| -—7.0 | -—40 
Low-Level om | — 40 
Output Current Short-Circuit, Low-Level 
Short-Circuit, High-Level 
TE High-Level 
TE Low-Level _a 
Input Voltage : 
Eo Low-to-High : 
Eg High-to-Low 1.75 
Hysteresis Voltage ae Eo Input 0 
Seal 
Section TE High-Level 
Vin =3.0V | Ey High-Level 
Eq High-Level 
Input Current == 
TE Low-Level — 0.07 


Vin=0.4V f= 
E, Low-Level 





w | 
Bi M) NM] HA] @s] a 


s 


Vin =0.2V | Eg Low-Level 


See Low-to-High 
Figures 
2 and 4_ | High-to-Low 


See Low-to-High 
Propagation | Receiver Figures Z 


=. 
< 
2) 
= 








Delay 3 and 5_ | High-to-Low 
Time 
TE to Driver alee 
High-to-Low 
TE to Receiver Low-to-High 
Power Current (Maximum) Po el 
Supply Current (Quiescent, Idle) Peed 
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TEST CIRCUITS 


Fig. 2 - Driver Test Circuit Fig. 3 - Receiver Test Circuit 


OUTPUT 
PULSE +5V 





Te=L Te=H 
|= L E; = Ls 
E9=H E9=H 
V+=45V V+=+5V 
Fig. 4 - Driver Timing Waveform Fig. 5 - Receiver Timing Waveform 


3V 
DATA Lt cea 





OV 
VOH(D) 
BUS: 0,75V--— <--=- 
anti S-8974 
tp=tp=10ns tp=ts=10ns 
Pulsewidth = 100ns Pulsewidth = 100ns 
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APPLICATION 


Table 1 gives the logic information necessary for sceiver. This diagram ilustrates the device when 
the operation of the LB1025AC Transceiver. used as an interface between a 40 ohm party line 
Figure 8 is typical application of the Quad Bus Tran- bus and a computer or peripherals. 


Table 1 - LB1025AC Truth Table 


Information Flow Operation 





Bus-Data Receive 


Note 1. Eg is generally low only during the power-on-state. During the power-on-state, the transceiver default into the 
“Receive” state until the voltage at Eg exceeds 3 volts. 





=lo}|s=[oj=/o|/-/o/q 


Fig. 6 - LB1025AC Quad Bus Transceiver Application Diagram 


402 DATA BUS 


% Va VA “% 
LB1025AC LB1025AC LB1025AC LB1025AC 


Pd 


To Computer or Peripherals 
(Data) 











LEVEL EXPANDER 


e REDUCES BACKGROUND NOISE DURING 
PAUSE IN CONVERSATION 


e LB1026AA SUPPLIED WAFER FORM 
e LB1026AB SUPPLIED IN MINIDIP 


The LB1026 functions as a voice-frequency ievel 
expander that is used to condition amplified signals 
from electret-type microphones. A characteristic of 
this level expander is to attenuate low-level signals 
from the microphone that typically originate from 
background room noise, while passing normal am- 
plitude speech at unity gain. The end effect of using 
this device is that the quality of the conversation 
is enhanced, for both the talker (via receiver side- 
tone) and listener, by reducing background sounds 
that might be heard during periods when the tal- 
Ker is silent. 

This device operates from a single 2 to 15 V po- 
wer supply and must be ac-coupled at the input and 
output. In addition, a 1.0u.F response-time control 
Capacitor must be provided by the user if the spe- 
cified attack and release times are to be obtained. 
The LB1026 may be supplied in wafer form to the 
customer who is then responsible for subsequent 
processing to obtain the usable device. Each chip 
has six pads for wire bond attachment (see oultli- 
ne drawing). 


Fig. 1 - Block Diagram 


VsP 


STAGE 








PRELIMINARY DATA 
AN AT&T PRODUCT 


Minidip-A Plastic 


ORDERING NUMBERS: LB1026AA 
LB1026AB 


PIN CONFIGURATION 





IN =P OUT 














PREAMP PEAK 
| | DET 
O 


EXTERNAL CAPACITOR 
(RESPONSE TIME CONTROL) 










GAIN 


| CONTROL 


INT 


VREF 
VOLT 


REF 


INTERNAL 
CONNECTIONS 


REF 


eS CURRENT 
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PAD & PIN DESCRIPTION 


1 Connection for the power supply voltage. 
6 RTCC Response Time Control Capacitor. 
No Connection, should not be used as a tie point. 
No Connection, should not be used as a tie point. 
16 | 6 OUTPUT Device output. 


22 7 GND This pin can be connected to ground. This connection is not to be considered the 
ground terminal for this device. 


21 wa INPUT Device input. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Voltage (on Pads 1, 15, 22) 25 V 
Storage Temperature Range —-40 to +125 °C 
Ambient Operating Temperature Range 0 to 50 °C 
Pin Temperature (Soldering 15 sec) 300 oC 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 





ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified see test fig. 2) 


Parameter Test Conditions 


c 
= 
= 


2.0 15 V 
mA 


Power Supply Voltage 
Power Supply Current V+=15V 


— 
© 


Power Supply Current V+ =3.0V 


~ 
io) 
—) 
.—~ 
> 


Output Voltage R_ = 6KQ | — | 1.0 | Vpp() 
Maximum Input Gain Ratio(s) Input = 388mVrms 0.94 | 1.15 
High-Level Gain Ratio(s) Input => 50mVrms 0.94 
Mid-Level Gain Ratios) Input = 12.5mVrms 0.38 | 06 | 
Low-Level gain Ratio(s) Input = 1.0mVrms 0.28 

Decay Time 105 175 


1. Maximum undistorted sine-wave. 

2. Attack and decay times are defined as the time required for the output to settle to within 90% of the values shown 
in Figure 2 after the input is instantaneously changed from 3.16mMVpys respectively. For this specific response, a 
1.0uF capacitor must be connected from lead number 6 of the device to ground in addition to the normal input, output 
and supply connections. These response times are not directly measured, but are guaranteed by desing. 

3. Gain Ratio are defined as Vo/V, 
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Fig. 2 - Test Circuit 





APPLICATIONS 


The following information summarizes the basic electret-type microphone applications. 
operation of a voice frequency level expander in 


Fig. 3 - Typical Expander Characteristics 


EXTRAPOLATED 2 


OUTPUT (mVRMs) 


LB1026 
CHARACTERISTIC 


UNITY GAIN, Zz 
Z7 
7 


10 
INPUT (mVRMs) 


Attack and decay times are defined as the time required for the output (Vo) to settle within 90% of the valued (output 
mVrms, Figure 3) after the input is istantaneously changed from 3.16 mVrms to 31.6 mVrms or from 31.6 mVrms to 
3.16 mVrms, respectively. For this specific response, a 1.0 nF capacitor mus be connected from pin 2 of the device 
to ground in addition to the normal input, output, and supply connections. 














APPLICATIONS (Continued) 
Fig. 4 


LB1027 
PREAMPLIFIER 


§ ELECTRET 
1 MICROPHONE 


— ao! 





RESPONSE 
TIME CONTROL 
CAPACITOR 
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MOUNTING AND CONNECTION 
Epoxy bonding is the preferred method of attaching Use minimum pressure during bonding. Bonding 


the chip to the substrate. temperature shall not exceed 340°C 
Thermo-compression bonding is the preferred me- Care shall be taken during wire-to-contact bonding 
thod of attaching gold wire to the device contact. So as not to damage the device. 


OUTLINE DRAWING 





-—f-E-O 
x 19 18 17 


(OUTPUT) 16 


[+] 20 


| | 
Fs 21 (INPUT) 
\ 
22 (GND) Nii OF CHIP 


# 


CENTER-TO-CENTER DISTANCE 2620 


en 8 4] 
G)1 (V+) 
| 


2 
| 
3 
| (RTCC) 


Ca 


WORKING OUTLINE 2360 


6 
W-E] 





ane enn re ome P| 


1030 


WORKING OUTLINE 2360 


CENTER-TO-CENTER DISTANCE 2620 
NOTE 1 


NOTES: 


All dimensions are reference dimensions and are shown in micrometers. 

. The actual chip size equals the center-to-center dimensions less the saw kerf width, typically 50 to 70 
micrometers 

. Chip pad location numbers are for reference only and do not appear on the chip. The complete metalli- 
zation pattern is not shown. 

. The thickness may vary as determined by the wafer diameter used in fabrication. However, the thick- 
ness dimension will be in the range of 480 micrometers (.0189 inches) minimum and 700 micrometers 
(.0275 inches) maximum. 
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ELECTRET PREAMPLIFIER 


e INPUT IMPEDANCE OF 125MQ_ (IN 
PARALLEL WITH 2.5 pF) 


e LOW QUIESCENT CURRENT (< 327 pA at 4V) 
e AC VOLTAGE GAIN OF 18 dB 


e 600 mV PEAK-TO-PEAK OUTPUT VOLTAGE 
SWING 


e TYPICAL OUTPUT RESISTANCE OF 500 
e AVAILABLE IN WAFER FORM 
e INQUIRE ABOUT 8-PIN DIP AVAILABILITY 


Fig. 1 - Simplified Schematic 








PRELIMINARY DATA 
AN AT&T PRODUCT 


The LB1027 is a voice-frequency preamplifier spe- 
cifically designed for electret microphone applica- 
tions. This device operates from a supply voltage 
of 15 volts down to 1.1 volts (with some performan- 
ce reduction below 1.6 volts). 

The LB1027 is supplied in wafer form to the custo- 
mer who is then responsible for subsequent pro- 
cessing to obtain a usable chip. Each chip has four 
pads for wire-bond attachment (see outline 
drawing). 


ORDERING NUMBER: LB1027AA 
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Fig. 2 - Simplified Diagram, Source and Load Requirements 


LB1027 


ELECTRET | 
MICROPHONE | 





PAD DESCRIPTION (Refer to Fig. 11) 


Pad N° | Name Description 
2 Positive-Supply Voltage 
4 GND Ground | 
3 Input (See Source Requirements below) 
1 OUT Output (See Load Requirements below) 


Source Requirements (See Figure 2) 


The LB1027 is optimized (for PSRR) where Cg = 12 pF, but will work with any value consistent with its input impedance. 
The low-frequency roll-off point is determined by Cs. Direct current into the input should be + 20 pA. The LB1027 is 
designed for ac input signals less than 20 mV peak-to-peak (low-frequency response may degrade with larger input peaks). 


Signals greater than 70 mV peak-to-peak may be asymmetrically clipped. 


Load Requirements (See Figure 2) 


Cy can be any value consistent with the desired output low-frequency roll-off characteristics. Values of Cs, RL, maxi- 
mum signal frequency and output voltage swing must be chosen so as not to exceed the LB1027 output drive current 


capability (+80 pA, —250 pA). 


The LB1027 will output a 600 mV p-p signal to >4 kHz without clipping or slew-rate limiting (when Ri =10k and 


Cstray <5000 pF). It is recommended that Cstray not exceed 5000 pF in any event. 
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ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 


Ambient Operating Temperature Range —20 to +70 
Storage Temperature Range | —40 to +125 
Power Dissipation 
Voltage (V+ to GND) 
Input Current 

Output Current 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Parameter Test Conditions | min | Typ | Max | Unit 









Power Supply Current 160 — 350 
160 230 327 uA 
(See Fig. 3) | 160 — 350 
DC Output Currents Positive Drive; Viy=1.5V, V+ =4.0V 80 110 A 
Negative Drive; Vij =0.9V, V+ =4.0V. | —250 | — 430 : 


(See Fig. 4) 
DC Quiescent Output Voltage 


(See Fig. 5) 





DC Output Voltages Positive Swing; Vin=1.5V, V+ =4.0V 
Negative Swing; Viy =0.9V, V+ =4.0V 


(See Fig. 6) 


f= 1KHz, Cin = 1000pF, Vin = 14mVrms 
NOTE: Circuit frequency response is flat to 
within +0.5dB (DC to 10KHz) (See Fig. 7) 





AC Voltage Gain 16.8 | 18.0 | 19.3 dB 


Input Impedance Resistive MQ 
Capacitive (Capacitive source = 12pF) pF 


125 
2.5 


Low Frequency Response (—3 dB point) | Capacitive Source=12pF (See Fig. 8) Hz 


RECOMMENDED OPERATING CHARACTERISTICS (at 25°C) 






Max Supply Voltage (V +) 
Min Supply Voltage (V +) 
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TEST CIRCUITS 


Fig. 3 - Power Supply Current Fig. 4 - DC Output Current Drive 





Fig. 5 - DC Quiescent Output Voltage Fig. 6 - DC Output Voltage Swing 


m V+ 


10 pF 





Fig. 7 - AC Voltage Gain Fig. 8 - Low Frequency —3 dB Point 






VIN = 14 mVAMS 







| + CIN 


40V 12 pF MEASURE 


14 mVRMS OUT AC VOLTAGE 
VARIABLE FREQUENCY LB1027 


1000 .F 


6) 






VIN 4 
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TEST CIRCUITS (Continued) 


Fig. 9 - Stability Check. With V+ = 1.5, 4.0 and 15.0 V, measure AC output voltage with 3dB bandwidth 
2>500 KHz. No oscillation should be detected. 





APPLICATIONS 


The following simplified diagram summarizes the LB1027AA electret preamplifier. 
requirements for optimized operation of the 


Fig. 10 - Electret Preamplifier Application Diagram 


LB1027 LB 1026 


PREAMPLIFIER LEVEL EXPANDER 
0.033 pF 


RESPONSE 
TIME CONTROL 
CAPACITOR 


§ ELECTRET 
§ MICROPHONE 
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Fig. 11 - Outline Drawing 


CHIP IDENTIFICATION NUMBER 
LOCATED IN APPROX. AREA SHOWN ~ NOTE 5 


i as 


590 
WORKING OUTLINE 1530 
CENTER-TO-CENTER DISTANCE 1830 


NOTE 2 


100 x 190 
628 620 TYe 


a eee eee 2 
\as 






738 


CENTER 
OF CHIP 


WORKING OUTLINE 1760 
NOTE 2 


700 


CENTER-TO-CENTER DISTANCE 2060 


All dimensions are reference dimensions and are shown in micrometers 

The actual chip size equals the center-to-center dimension less the saw kerf width. Typically 50 to 70 micro- 
meters 

Chip pad numbers are for reference only and do not appear on the chip 

The complete metallization pattern is not shown. 

The thickness may vary as determined by the wafer diameter used in fabrication. However, the thickness 
dimension will be in the range of 480 micrometers (.0189 inches) minimum and 700 micrometers (.0275 
inches) maximum. 


GER) tO 


MOUNTING AND CONNECTIONS 


This device is susceptible to damage as the result Thermo-compression bonding is the preferred me- 
of electrostatic discharge. Proper precautions thod of attaching gold wire to the device contact. 


should be taken to eliminate exposure to electro- Use minimum pressure during bonding. Bonding 
static charge during handling by individuals and/or temperature shall not exceed 340°C. 
in automatic equipment. Care shall be taken during wire-to-contact bonding 


Epoxy bonding is the preferred method of attaching so as not to damage the device. 
the chip to the substrate. 
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PRELIMINARY DATA 
AN AT&T PRODUCT 


VOLTAGE REGULATOR CIRCUIT FAMILY 


VOLTAGE REGULATOR 
e FIXED VALUES BETWEEN 2V & 24V 


e LESS THAN 1% CHANGE OVER 
COMBINED TEMPERATURE AND POWER 
SUPPLY VOLTAGE RANGES: 


e POWER SUPPLY VOLTAGE MUST BE AT 
LEAST 2V GREATER THAN REGULATOR 

~ OUTPUT VOLTAGE 

PRECISION LOW-VOLTAGE REFERENCE 


@ 1.25 (+1%) OVER ENTIRE POWER 
SUPPLY RANGE 


e TEMPERATURE COEFFICIENT <50ppm/°C 
(—40 TO +100°C) 


e 4 VOLT MINIMUM POWER SUPPLY 
e DRIVE UP TO 100 pF 

e OUTPUT CURRENT UP TO 10mA 

e 40 dB PSRR @ 1 MHz 

e FAST START-UP TIME 


HIGH-SPEED COMPARATOR 

e REFERENCED TO 1.25V 

e PROPAGATION DELAY <150 nsec 
e INPUT OFFSET <5mV 

e OUTPUT CURRENT TO 5mA 





16 Pin Surface Mount. 





| : | 
1 
8 Pin Surface Mount. Minidip C Plastic 


The Regulation Control Circuit Family consists of 
integrated circuits which provide three main func- 
tions in the same package: a voltage regulator, a 
precision 1.25V reference, and a high-speed com- 
parator. Each device accepts an unregulated DC 
supply voltage ranging from 4V to 26V and provi- 
des two fixed outputs: a 1.25V reference voltage, 
common to each device code in this family; and 
a customer specified regulation voltage, ranging 
from 2V to 24V, fixed at time of manufacture. Re- 
fer to Ordering Information (last page) for a detai- 
led listing of existing codes. Other codes for 
regulation voltages within the specified limits are 
available upon request. 


Fig. 1 - Functional Diagram - 16 Pin DIP - 16 Pin Surface Mount 





V+ 










VOLTAGE 
Ver O 


GROUND O 


FEEDBACK © 





OA SENSE+ 


OUT 


COMP IN+ 
OQ) 


FEEDBACK FINE-TRIM RESISTORS 





COMP IN- COMP OUT 
O O 


(P) (N) (M) 
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Fig. 2 - Functional Diagram - Minidip - 8 Pin Surface Mount 


© COMP OUT 


O Veer 


VOLTAGE 


REF 
© OA OUT 


| (OPTIONAL 
GROUND © | CONNECTION) 


| 
FEEDBACK O O SENSE+ 





PIN CONFIGURATION 


OA IN- OA OUT COMP QUT 
COMP IN+ SENSE+ ' V+ COMP IN- 


COMP IN- Tl BLANK COMP IN+ 


COMP OUT T2 VREF 


OA IN+ T3 GROUND 


V+ T4 FEEDBACK 
VaeF FEEDBACK T4 


BLANK 13 


| 8 | COMP IN- | 8 | COMP IN- 


COMP OUT COMP OUT 


FEEDBACK FEEDBACK 


8 Pin Surface Mount Minidip Plastic 
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PIN DESCRIPTION 


Name Description 
V+ Supply Voltage (4 to 26V) 
BLANK This pin may be used as a tie-point for external components. Maximum Voltage = 30V 
GROUND Circuit common (not necessarily system or physical ground). 
VREF 1.25 V Reference Output. 
COMP IN- Inverting Comparator Input. 
COMP IN+ Non-Inverting Comparator Input. Connected to Vref on 8-Pin Packages. 
COMP OUT | Comparator Output, Open Collector. Requires Pull-up resistor. 
OA IN — inverting Op-Amp Input. Connected to FEEDBACK on 8-Pin Packages. 
OA IN + Non-Inverting Op-Amp input. Connected to Vprr on 8-Pin Packages. 
OA OUT Op-Amp Output. 
FEEDBACK {| Connection to feedback resistors. Connected to inverting Op-Amp input on 8-Pin Packages. 
SENSE + Positive Sense Node. Normally connected to inverting Op-Amp Out in regulator applications. 
T1 These trim links are normally factory trimmed as required to provide the desired voltage regulator 
T2 output. Howerver, some applications may require additional fine-turned trimming to account for off- 
T3 set voltages in customer systems. Devices can be ordered which are trimmed to a value withing se- 
T4 veral millivolts of a customer’s desired value. The customer is then responsible for final trimming. 
(See Fig. 1) | (This option not available in 8-Pin Packages). 


ABSOLUTE MAXIMUM RATINGS (At 25°C unless otherwise specified) 









Parameter Value 











V+ Supply Voltage 30 
Ta | Ambient Operating Temperature Range -40to 100 | °C 
Tstg | Storage Temperature Range —55to 125} °C 






Pin Temperature (Soldering, 15 Sec.) 












300 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 








ELECTRICAL CHARACTERISTICS * (Ta = 25°C unless otherwise specified) 


Standby Current Drain \V+=2ev ss (See Fig. 3)| — | 37 | 45 | mA 
Vref, Set Point IREf = 10MA (See Fig. 3) 1.262 V 
AVrer (Temperature Regulation) |Ta= 40°C to +25°C (See Fig. 3)| — | +3 | — | 
AVrer (Temperature Regulation) |Ta=+25°C to 100°C = (See Fig. 3)| — | #3 | — | 


Vref, Power Supply Rejection Ratio DC 70 dB 
1 MHz 40 
Vref, Transient Start-Up Times IREF=1mMA 2 
15 uSeC 
150 





IREF=5MA 





lage = 10MA 

Comparator, Input Offset Voltage Ta = 25°C ey 
Comparator, Output (LOW) Vpaias = 1.350V (See Fig. 3) 
Comparator, Output (HIGH) 25 [eel 26 V 
Comparator, Transient Response Times | Turn-on Time 105 


Turn-Off Time 


Rise Time 
Fall Time 


Op-Amp, Input Offset Voltage Ta = 25°C | — | at | 25 | mV 





= nsec 
20 
50 


eke: 

Vsense, Voltage Tolerance Vsense Reference = = +1 
Manufacturer’s Coded Value (See Fig. 3) % 

AVs_ense (Load Regulation) S1 switched fom Ato B_ (See Fig. 3) | — | 20.05] 20.2 | 


* Conditions, as shown in the appropriate test Circuit Figure, are referred to as ‘‘Default’’ conditions. 


Notes: 
1. When certain pins are not being used, they should be connected as follows for the 8-Pin devices: 
a. COMP IN— to GND (when comparator is not used) 
b. OA OUT to FEEDBACK (when Op-Amp is not used) 
c. SENSE + should float (when Op-Amp is not used) 
2. When certain pins are not used, they should be connected as follows for the 16-Pin devices: 
a. When the comparator is not used, connect COMP IN+ to Vage and COMP IN—- to GND. 
b. When the Op-Amp is not used, connect OA OUT to OA IN- and OA IN+ to Vper. 
3. This characteristic excludes the current flowing in the feedback resistors. Feedback current must be calculated for 
each voltage regulator value. 
. Specific available Vsense output levels are listed with Ordering Information on the last page. 
. OA OUT is connected to SENSE +. 
. OA OUT is disconnected from SENSE +. 
. This is the minimum supply voltage which is required to assure that Vagr has stabilized at any specific temperature 
within the specified temperature range. 
. Supply voltage (V+) minus a nominal 2.5V yelds high CMVR. 


NOOO 


o8) 
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RECOMMENDED OPERATING LIMITS (-— 40 to 100°C) 


Parameter 
VREF Current Load, Maximum 
V+ Voltage Minimum 
V+ Voltage Maximum 
Comparator Output Sink Current, Maximum 
Op-Amp Output Source Current, Maximum 
Op-Amp Output Sink Current, Maximum 


TEST CIRCUITS 
Fig. 3 


V+ 
(SEE NOTE) 


SENSE+ 


Value 
10 





Unit 
mA 


mA 
mA 
mA 


NOTE: V+ should be set to Vsense (manufacturer’s coded value) plus an additional 3 volts. All voltages and 
switch positions as shown in circuit above are referred to as ‘‘Default Conditions’. 
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CHARACTERISTIC CURVES 


Fig. 4 - Precision Low-Voltage Reference Start-Up 


Characteristics 


1.30 


VREF (V) 
i 
or 


iIBgG = 10 mA 


-25 0 25 50 75 


AMBIENT TEMPERATURE (°C) 


Fig. 6 - Precision Low-Voltage Reference 
Temperature Characteristics 


WORST CASE TYPICAL - HIGH 
(+1% TRIM) 


TYPICAL (CENTER TRIM = 1.250V) 


1.270 


1.260 






1.250 





WORST CASE TYPICAL - LOW 


1.240 (-1% TRIM) 


VREF (V) 


1.230 


1.220 


-50 -25 0 25 50 75 100 


AMBIENT TEMPERATURE (°C) 





Fig. 5 - Precision Low-Voltage Reference Power 
Supply Rejection Ratio Frequency Characteristics 


CREF = 0 to 100 pF 


PSRR (dB) 





100 10 10? 10° 104 10° = 10° — 107 
FREQUENCY (Hz) 
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CREF = 0 to 100 pF 





0 50 100 150 200 


TIME (usec) 


CHARACTERISTIC CURVES (Continued) 


Fig. 8 - Typical Comparator DC Transfer 
Characteristics vs Temperature 
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Fig. 10 - Typical Temperature Characteristics 
Comparator-Output Voltage vs Comparator Input 
Overdrive of 100mV 
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Fig. 9 - Typical Temperature Characteristics 
Comparator-Output Voltage vs Comparator Input 
Overdrive of 10mV 
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Fig. 11 - Op-Amp Open Loop Gain 


GAIN (dB) 





LOAD CAPACITANCE 
= 0 to 100 pF 


10° 10° 10° 10° 10’ 10° 


FREQUENCY (Hz) 








APPLICATION 


The Regulation Control Devices are used in power Comparators, Precision Low-Voltage Reference) is 
supply applications where the simultaneous use of a common practice. Application diagrams are 
all three functions (Voltage Regulator, High Speed shown below. 


Fig. 12 - Regulation Control General Application Diagram 
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Fig. 13 - LB1001BB (5.1V Regulated Output) Used in DC-DC Converter Application (48V to 5V, 20A) 
(High Voltage Shutdown and Current Limiting) 
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ORDERING INFORMATION 
The Regulation Control Circuit Family is coded as follow: 


POSITION: 1 2 3 4 5 6 7 8 
CHARACTERS: L B R ** * * x x 


| L PACKAGE CONFIGURATION 


ELECTRICAL VARIANT 
DEVICE NUMBER 
FAMILY DESIGNATOR 
TECHNOLOGY 
CLASSIFICATION 





Classification (Position 1): L= Linear 
Technology (Position 2): B= Complementary Bipolar Integrated Circuit (CBIC) 
‘Family Designator (Position 3): Regulation Control Circuit Family. 


Device Number (Positions 4, 5, 6): The device number is also the voltage value of the regulator function 
for this device. A decimal point shall be understood to exist between positions 5 and 6. 
Example: 022=2.2V 
220 = 22.0V 


Electrical Cariants (Position 7) A= +1% Regulator Voltage’ 
B= +1.5% Regulator Voltage 
C= +2% Regulator Voltage 


Package Variations (Position 8): A= Wafer ((8-Pad Chip) K = 16-Pin SOJ (Surface Mount) 
B = Minidip S = 8-Pin SOIC (Surface mount) 
C=16-Pin DIP X = Wafer (16-Pad Chip) 


1. Regulator voltage output is SENSE + connected to OA OUT. 
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ADVANCE DATA 
AN AT&T PRODUCT 


HIGH-VOLTAGE SOLID-STATE AC/DC RELAY 


HIGH-VOLTAGE MONOLITHIC INTEGRATED 
CIRCUIT FABRICATED IN A DIELETRIC ISO- 
LATION PROCESS 


CAN SWITCH LOADS UP TO 400V AT CUR- 
RENTS UP TO 200mA 
LOW ON-RESISTANCE 


CLEAN, BOUNCE-FREE SWITCHING 

NO ELECTROMAGNETIC INTERFERENCE 
3750V I/O ISOLATION (OPTICALLY COUPLED) 
GOOD dV/dT CAPABILITY 

HIGH-SURGE CAPABILITY 

NOISE-FREE OPERATION 

LOW-POWER CONSUMPTION 


This solid-state device is a high-performance, op- 
tically controlled, AC/DC Relay. The LH1016 con- 
sists of two GaAlAs light-emitting diodes (LEDs) 
which optically couples the ON/OFF control signal 
to a dielectrically isolated high-voltage integrated 


Fig. 1 - Functional and Equivalent Diagram 


SUBSTRATE 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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MINIDIP-D Plastic 


ORDERING NUMBER: LH1016AB 





circuit. The integrated circuit contains the high- 
voltage DMOS transistors and photosensitive dri- 
ve circuitry. The optical isolation ensures excellent 


noise immunity with up to 3750 volts of isolation 


between input and output, while the LED control 
currents Can be as low as 5.0mA. This makes the 
LH1016 suitable for logic control. Equivalent relay 


diagrams for this device is shown in Figure 1. 


SPST (NORMALLY OPEN) 
a ome S! 
Ay 


CONTROL 











PIN CONFIGURATION 


CONTROL + 8] S' 
NC L2J '7| SUBSTRATE 
CONTROL - 3. [6] SUBSTRATE 
BLANK 14] [51s 
PIN DESCRIPTION 
Name Description 
Control + These pins are the positive and negative inputs respectively to the input control LED. An ap- 
Control — propriate amount of current through the LED will close the circuit path between S and S’. 
Ss, S’, These pins are the outputs. 
NC This pin is connected internally for test purposes. It should NOT be used as a tie-point for 


external components. 


Blank This pin may be used as a tie point for external components. Voltage applied to this pin should 
not exceed 150V. 


Substrate This pin should be left unconnected. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 


Ambient Operating Temperature Range 0 to +70 °C 
Storage Temperature Range ~40 to +100) °C 
Pin Soldering Temperature (t= 15 s max) 300 °C 
Input/Output Voltage Isolation 3750 V 
LED INPUT 
Continuous Forward Current 25 mA 
Peak Forward Surge Current mA 
[Pulse width =4.0ms, 10 pulses/s cycle (4%)] 
Reverse Voltage V 
OUTPUT, Continuous Current (RMS) mA 





Stresses in excess of those listed under “‘Absolute Maximum Ratings’” may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


238 





ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Parameter Test Conditions | min | Typ | Max | Unit 
OUTPUT POLE aie eeomatannetintatane toc 


ON Resistance Ron = Viy/50mA ILED =5MA, ILoap = +50MA 35 40 Q 
(See Fig. 2) 


ON Voltage ILeD =5™MA, lLoap = +200mA 20 | 25 
(See Fig. 2) V 


Breakdown Voltage ILED = OMA, ILoap = +50yA (See Fig. 2) | 400 | — | — | 
Surge Current Non-Recurrent 1.0ms square wave 4.0 A 
LED =5.0mMA (See Fig. 2) 


Leakage Current Vioap = 400V lLep=OmA (See Fig. 3) | — | — | 20 | " 
ph 


[Vioao=t00V yep=OmA (Gee Fe | — | 08 | — 
[TUAW OFF | Yy==160V AL=iK0 Gee Fa | — | — | 08 | 
INPUT CONTROL PC C—SSCSdC 
LED Forward Voltage 1.17 | — | 1.43 ’ 
LED Reverse Leakage Current |Reverse Voltage=10v. | — «| = | 10 | pA 
LED Continuous Forward Current: Yl (See Absolute Maximum Rating) 
Recommended Forward Current for ; 
ON-State Operation: — 5.0 — mA 


TEST CIRCUITS 


Fig. 2- Ron, ON Voltage and Breakdown Voltage Fig. 3 - Leakage Current 





Fig. 4 - 7ON/7TOFF Test Circuit and Waveform ILED (5 mA) 
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CHARACTERISTIC CURVES 


Fig. 5 - ON-State Characteristics of Output Poles (Illustrating Bidirectional V-| Characteristics) 


<—-ON RESISTANCE @ 50 mA 


DEVICE OPERATION 


In the OFF-state, this device can withstand its ra- 
ted voltage at leakage currents less than 20 pA. 
In the ON-state, this device exhibits a bidirectio- 
nal resistive characteristic for currents less than 100 
mA (see Figure 5 for ON-state characteristics). 
This device can switch up to 400 volts at currents 
up to 200mA. 

This one-pole relay offers one of the highest volta- 


APPLICATION 


This device has been optimized to meet the de- 
mands of switching high voltages at moderate cur- 
rent levels in applications such as telecommuni- 
cations, instrumentation, and medium-power swit- 
ching. It is ideally suited for applications where high 
performance, noise-free switching of ac and dc si- 
gnals is desirable. 

The operational range of this device includes low- 
- power commercial voltage applications where mil- 
lampere control signals and low ON-resistance are 
required. The speed, reliability, and linearity of this 
switch makes it well suited for those applications 
which are beyond the range of mechanical relays, 
thyristors, and triacs. For lower ON resistance, hi- 
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ge capabilities for a device in its class. Rated at 
400 volts, it is particularly suitable for 240 Vrms 
loads which appear widely in many industrial ap- 
plications. Despite the higher voltage rating, this 
device still features ON resistance of only 400 ma- 
ximum. This device will pass surge current up to 
4A for 1ms. 


gher voltages, or greater current capability, the 
LH1016 can be easily combined in parallel or se- 
ries arrangements, as required, with their control 
LEDs simply driven in series. 

The low ON-resistance and low-noise features are 
beneficial in instrumentation applications. The op- 
tical coupling provides isolation of the switch from 
the control signals in high-voltage and _ high- 
frequency applications. 

The fabrication of high-voltage, monolithic ICs in 
a unique dielectric isolation process provides high 
reliability and the solid-state contruction elimina- 
tes problems associated with mechanical relays 
such as sensitivity to shock and vibration. 





Fig. 6 - Typical Application as a Triac Predriver 


CONTROL 





Fig. 7 - Single-Line Switchhook Application 


TELEPHONE 
ELECTRONICS 


CONTROL 
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e WITHSTANDS TELEPHONE LOOP VOLTAGES 
TO 140V 


e OPERATES AT LOW TIP-RING VOLTAGES 
(TYPICALLY AS LOW AS 2.7V) 


@ POLARITY GUARD HAS LOW INTERNAL 
VOLTAGE DROPS 


e MONOLITHIC SOLID-STATE CONSTRUCTION 
GIVES COMPETITIVE EDGE IN PHYSICAL 
AREA CONSERVATION AND RELIABILITY 


Dielectric isolation and a monolithic high-voltage 
DMOS technology are used to fabricate the LH1028 
Telephone Interface Circuit (TIC). This integrated 
circuit performs the following basic functions: high- 
voltage dial pulse switching, protection against 


Fig. 1 - Functional Diagram 


POLARITY 
GUARD 
(FULL-WAVE 
RECTIFIER) 


PIN DESCRIPTION 


Symbol 


Tip Input 


Description 


Ring Input 


3  |T Prime (T’) |Positive output of polarity guard 
IDPs Control for internal dial pulse switch 
DP Prime (DP’) | Control for internal dial pulse switch 

/ 


R Prime (RP’) | Negative output of polarity guard 

1 NC No connection; may be used as 
tie points 

5 |NC No connection; may be used as 
tie points 











PRELIMINARY DATA 
AN AT&T PRODUCT 


Minidip Plastic 


ORDERING NUMBER: LH1028BB 





reversal of Tip-Ring polarity from the Central Offi- 
ce, and overvoltage/overcurrent protection of te- 
lephone circuits. 


OUTPUT VOLTAGE 
LIMITING DEVICE 


PULSE 
SWITCH 


PIN CONFIGURATION 











ABSOLUTE MAXIMUM RATINGS 
















VtTR_ | Voltage (Tip-Ring) 140 

TA. | Ambient Operating Temperature Range 0 to 50 °C 

Tstg | Storage Temperature Range —40 to +125) °C 
Pin Temperature (Soldering, 15 Sec) 300 °C 
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Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This.is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


Power Dissipation (Package Limitation) 


ELECTRICAL CHARACTERISTICS (See Figure 2) 
(Ty =4 to 49°C for Min and Max value) (Ta = 25°C for Typical value) 





Parameter Test Conditions | Min | Typ | Max Unit 
Breakdown Voltage (Tip-Ring) Vpp = 3.35V 140 | .175 
Increase VtR until lFR=3mA (See Fig. 3) i’ 
Dial Pulse Control Voltage, Vpp VtR = 78.8V 1.7 3.35 
Decrease Vpp until lrR = 1.75mA (See Fig. 3) 
Dial Pulse Control Current VtR = 78.8V; Vpp =3.35V (See Fig. 3) | — | 25 | 77 | pA 
Off-State Leakage Current VTR = 78.8V; Vpp =3.35V (See Fig. 3) | — | 04 | 1.57 | mA 
Tip-Ring Operating Voltage Increase VrR until Voyt = 1.6V 
R = 4000 (See Fig. 4) 2.7 2.9 
IRpP=—4mA 
ON-State Voltage Vtp =6V R=23502; IRp = —20mA 
Measure VtR— Vout (See Fig. 4) 1.05 1.3 V 
Output Voltage, VrR=140V peak | Measure Voyrt peak (See Fig. 5) | — | 26 | 30 | 
Turn-on Time DP initially at +5V (See Fig. 6) | — | 20 | 1000 
BS 
Turn-off Time DP initially shorted to DP’ (See Fig. 7) | — | 20 | 1000 





Fig. 2 - Simplified Schematic Illustrating Characteristic Symbology 





TEST CIRCUITS 
Fig. 3 Fig. 4 


1000 0 +VTR 









+ 
MEASURE Vout 






MEASURE VouT 








CHARACTERISTIC TIMINGS 
Fig. 6 - Turn-on Time Test Method 


TIP = 82.6 V 


RING 


Fig. 7 - Turn-off Time Test Method 


TIP = 78.7 V 


RING 


LH1028BB 


—-—-—VrA1 = 575 V 





— — — —VR3 = 6.4V 
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Fig. 8 - Current Limiting Characteristics 


TIP OR RING CURRENT (mA) 








40 2 LOAD 
FROM TP TO RP 


TIP TO RING (V) 


APPLICATION 


The LH1028 device can be connected in the follo- 
wing manner to perform telephone interface func- 
tions. An overvoltage metal-oxide-varistor or other 
similar type of device shunts the Tip-Ring input ter- 
minal of the LH1028 TIC and limits the voltage 
across these terminals to less than 140V (the ma- 
ximum voltage rating of the LH1028). The output 
terminals of the LH1028 TIC are TPRIME (T’) and 


Fig. 9 - Typical Telephone Set Configurations 
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RPRIME (R’). T’ and R’ are the positive and nega- 
tive sides of the TIC polarity guard, respectively. 
R’ is connected to the telephone circuitry through 
a switch which is internal to the LH1028 TIC. This 
internal switch opens when a dial pulse voltage is 
applied between terminal DP (Dial Pulse) and DP’ 
(Dial Pulse Prime). 


TIP 


2 1 + 
NC 
TELEPHONE 
LH1028BB CIRCUITRY 
P RING 


DP’ D 
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AN AT&T PRODUCT 


MSR HIGH-VOLTAGE SOLID-STATE RELAY 


e HIGH VOLTAGE MONOLITHIC IC 
FABRICATED IN A DIELECTRIC ISOLATION 
PROCESS 


e CAN SWITCH LOADS UP TO 350V AT 
CURRENTS UP TO 100mA 


e LOW ON-RESISTANCE 

e CLEAN, BOUNCE-FREE SWITCHING 

e 3750V INPUT/OUTPUT ISOLATION 
(OPTICALLY COUPLED) 

e GOOD dV/dT CAPABILITY 

e HIGH-SURGE CAPABILITY 

e LOW-POWER CONSUMPTION 

e NOISE FREE OPERATION 

e NO ELECTROMAGNETIC INTERFERENCE 


The LH1056 (Multipurpose Solid-State Relay) is a 
low-cost, bi-directional, SPST switch which can re- 
place mechanical relays in many applications. Its 
output is rated at 350 volts and can handle loads 
up to 100 mA. The MSR is packaged in a 6-pin pla- 
stic DIP and provides up to 3750 volts of in- 
put/output-isolation. The MSR will switch both AC 
and DC loads. 


Fig. 1 - Functional and Equivalent Relay Diagrams 








DIP-6 Plastic 


ORDERING NUMBER: LH1056AT 


Each device consists of one GaAlAs LED to opti- 
cally couple the control signal to a dielectrically iso- 
lated high-voltage integrated circuit. The typical 
ON-Resistance is 30 ohms at 25 mA, and is excep- 
tionally linear up to 50 mA. Beyond 50 mA, the in- 
cremental resistance becomes even less, thereby 
minimizing internal power dissipation. The LH1056 
also has internal current limiting which clamps the 
load current to 150 mA to insure that the device 
will survive during power surges. The MSR wil sur- 
vive FCC, lightning test number 68-302 when it is 
properly protected. 


SPST (NORMALLY OPEN). 

SO—#7 #0 S' 
yh 
+» 


CONTROL LED 


EQUIVALENT RELAY DIAGRAM 
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PIN CONFIGURATION 





CONTROL (+) S 
CONTROL (-) NC 
BLANK Ss! 
PIN DESCRIPTION 
Name Description | 
Control + These pins are the positive and negative inputs respectively to the input control LED. An ap- 
Control — propriate amount of current through the LED will close the circuit path between S and 9’. 
S These pins are the outputs. The pin designated as S represents one side of a relay pole. 
Ss’ The pin designated as S’ (S Prime) is the complementary side of a relay pole. This relay po- 
le is normally open unless sufficient contro! current is flowing. 
Blank This pin may be used as a tie-point for external components. Voltage on this pin should not 
exceed 300 volts. 
NC This pin is connected to internal circuitry. It should not be used as a tie-point for external 
circuitry. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Ambient Operating Temperature Range 0 to +70 °C 
Storage Temperature Range —40 to +100 °C 
Pin Temperature (Soldering time = 15 s) 300 °C 
Input/Output Voltage Isolation 3750 V 
LED Input Ratings 

Continuous Forward Current 20 mA 

Reverse Voltage 10 V 
Recommeded Maximum Output Operation 

Operating Voltage V 

Load Current mA 

Surge Voltage ON or OFF State V 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum vetlng conditions 
for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise specified) 


Parameter Test Conditions | Min | Typ | Max | Unit 


LED Forward Current for Turn-On lLoAD =25mMA Vy=1.25V (See Fig. 2) 5.0 mA 


ON Resistance Roy =Vy/25mA LED =5MA lLoap = £25mA (See Fig. 2)| 20 | 30 | 50 | a 


ON Voltage ILED =5MA ILoap = +100mA 2.6 V 
Serer yor Fig. 2) 


Breakdown Voltage ILED = OMA ILoaD = +50pA | ILep = OMA Loan = £50yA (See Fig. 2). Fig. 2) [go | — | — | V 


Surge Voltage 1.0ms square wave. l|—Ep=5.0mA 350 V 
(See Fig. 2) 


Leakage Current VLOAD = 300V ILeEp=OmA (See Fig. 3) | ff 5 | 40 | A 
Bh 


VLOAD = 100V ILEep=OmA_ (See Fig. 3) | — | os | — | 

Switching Time TURN ON Rioap = 10Ka (See Fig. 4)| — | — | 2 | 
msec 

TURN OFF Rioap = 10KO (See Fig. 4) | — | — | os | 


TEST CIRCUITS 


Fig. 2- RON- ON Voltage and Breakdown Voltage Fig. 3 - Leakage Current 





ILED ILED 
(_» | 
ay, 
NC i™ I VM 
JY ILOAD | 
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Fig. 4 - 7ON/7OFF Test Circuit and Waveform 
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Fig. 6 - Triac Predriver 
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Fig. 7 - Telephone Switchhook 
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ADVANCE DATA 
AN AT&T PRODUCT 


HIGH-VOLTAGE SOLID-STATE AC/DC RELAY 


e HIGH-VOLTAGE MONOLITHIC INTEGRATED 
CIRCUIT FABRICATED IN A DIELETRIC ISO- 
LATION PROCESS 


e CAN SWITCH TWO LOADS UP TO 200 VOLT 
AT CURRENTS UP TO 200mA 
e LOW ON-RESISTANCE 


e CLEAN, BOUNCE-FREE SWITCHING 

e NO ELECTROMAGNETIC INTERFERENCE 

e 3750V I/O ISOLATION (OPTICALLY COUPLED) 
e GOOD dV/dT CAPABILITY 

e HIGH-SURGE CAPABILITY 

e NOISE-FREE OPERATION 

e LOW-POWER CONSUMPTION 


This solid-state device is a high-performance, op- 
tically controlled, AC/DC Relay. The LH1061 con- 
sists of two GaAlAs light-emitting diodes (LEDs) 
which optically couples the ON/OFF control signal 
to a dielectrically isolated high-voltage integrated 
circuit. The integrated circuit contains the high- 
voltage DMOS transistors and photosensitive dri- 


Fig. 1 - Functional and Equivalent Diagram 


POLE 2 


Minidip-D Plastic 


ORDERING NUMBER: LH1061AB 





ve circuitry. The optical isolation ensures excellent 
noise immunity with up to 3750 volts of isolation 
between input and outputs, while the LED control 
currents can be as low as 5.0mA. This makes the 
LH1061 suitable for logic control. Equivalent relay 
diagrams for this device is shown in Figure 1. The 
LH1061 also has internal current limiting which 
clamps the load current to 300mA to ensure that 
the device will survive during power surges. 


POLE 1 


DPST (NORMALLY OPEN) 
ANS) ' 


A&A» 52! 


Sl 
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CONTROL 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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PIN CONFIGURATION 


PIN DESCRIPTION 


Name 


Control + 
Control ~ 


$1, $1’ 
S2, S2’ 
NC 


Blank 


CONTROL + 


NC 2! 
CONTROL - 


BLANK [4 





Description 


These pins are the positive and negative inputs respectively to the input control LED. An ap- 
propriate amount of current through the LED will close the circuit path between S and 9’. 


These pins are the outputs. The pins designated as S represents one side of a relay pole. 
The pins designated as S’ are the complementary side of a relay pole. Note that S2 is con- 
nected to the substrate. 


This pin is connected internally for test purposes. It should NOT be used as a tie-point for 
external components. 


This pin may be used as a tie point for external components. Voltage applied to this pin should 
not exceed 150V. 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter Unit 


Ambient Operating Temperature Range 0 to +70 °C 
Storage Temperature Range —40to +100! °C 
Pin Soldering Temperature (t= 15 s max) 300 °C 
Input/Output Voltage Isolation 3750 V 
LED INPUT 
Continuous Forward Current 25 mA 
Peak Forward Surge Current mA 
[Pulse width= 4.0ms, 10 pulses/s cycle (4%)] 
Reverse Voltage V 
OUTPUT, Continuous Current (RMS) 
One Pole ($1, $1’ or S2, $2’) mA 
Each Pole (two poles operating simultaneously) mA 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 
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ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


oUTPUT POLE Co 


ON Resistance Ron = Vyy/50mA ILED =5mMA, ILoap = +50mA 15 20 Q 
(See Fig. 2) 

ON Voltage LED =5mMA, ILoap = +200mMA 2.0 2.5 
(See Fig. 2) 


Breakdown Voltage ILED =OmA, ILoAD = + 20nA (See Fig. 2) | 200 | — | — V 


Surge Voltage 1.0ms square wave 
IED =5.0mMA (See Fig. 2 
Leakage Current VLoOAD =200V l_LEp=OmA (See Fig. 3 20 


VLoAD =50V ILEep=OmA (See Fig. 3 


Switching Time TURN ON Vu = +150V R, = 15KO See Fig. 4 
TURN OFF Vu = £150V R, = 15KQ (See Fig. 4 


pom | om 


msec 


EE nae En a i ee a 


o) 
ro) 
© 
oO 
ro) 
= 
> 


INPUT CONTROL 


LED Forward Voltage Forward Current = 10mA ; 1.17 1.43 . 
LED Breakdown Voltage Reverse Current = 10pnA | | 
LED Reverse Leakage Current Reverse Voltage = 10V a pA 


LED Continuous Forward Current: (See Absolute Maximum Rating) 
Recommended Forward Current for 


ON-State Operation: 
TEST CIRCUITS 


5.0 — mA 


Fig. 2- Ron, ON Voltage and Breakdown Voltage Fig. 3 - Leakage Current 
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CHARACTERISTIC CURVES 


Fig. 5 - ON-State Characteristics of Output Poles (Illustrating Bidirectional V-| Characteristics) 
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DEVICE OPERATION 


In the OFF-state, this device can withstand its ra- The two-pole, single-throw operation of this switch 
ted voltage at leakage currents less than 20 pA. is advantageous in applications where line balan- 
In the ON-state, this device exhibits a bidirectio- ce is an important consideration. The two poles of- 
nal resistive characteristic for currents less than 100 fer 800 volts of pole-to-pole isolation. These 
mA (see Figure 5 for ON-state characteristics). switches can also be stacked for higher voltage ca- 
The LH1061 consists of two independent poles, pability, or paralleled for lower ON resistance. 


each capable of simultaneously switching up to 200 This device can withstand voltage surges up to 
volts at currents up to 200mA with a maximum ON 200V (each pole) in both the on and off conditions. 
resistance of 20 ohms. (See Figure 1) 


APPLICATION 

This device has been optimized to meet the de- gher voltages, or greater current capability, the 
mands of switching high voltages at moderate cur- LH1061 can be easily combined in parallel or se- 
rent levels in applications such as telecommuni- ries arrangements, as required, with their control 
cations, instrumentation, and medium-power swit- LEDs simply driven in series. 

ching. It is ideally suited for applications where high The low ON-resistance and low-noise features are 
performance, noise-free switching of ac and dc si- beneficial in instrumentation applications. The op- 
gnals is desirable. tical coupling provides isolation of the switch from 
The operational range of this device includes low- the control signals in high-voltage and high- 
power commercial voltage applications where mil- frequency applications. 


lampere control signals and low ON-resistance are The fabrication of high-voltage, monolithic ICs in 
required. The speed, reliability, and linearity of this a unique dielectric isolation process provides high 
switch makes. it well suited for those applications reliability and the solid-state contruction elimina- 
which are beyond the range of mechanical relays, tes problems associated with mechanical relays 
thyristors, and triacs. For lower ON resistance, hi- such as sensitivity to shock and vibration. 
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Fig. 6 - Balanced Switchhook Application 
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BALANCED MODULATOR 


@® SINGLE OR DUAL SUPPLY OPERATION 
@ LOW POWER CONSUMPTION 

@ LOW CARRIER LEAKAGE 

@ LOW DISTORTION 

@ LOW NOISE 


The LSO25 is a low noise linear integrated 
Circuit, intended for use as a channel modulator 
and demodulator in FDM telephone equipments 
and as analogue AC and DC multiplier in in- 
dustrial and professional applications. It features 
low quiescent power consumption, low distor- 
tion and intermodulation. It shows a typical 
carrier leakage better than 85dB_ throughtout 





the audio bandwidth. The LSO25 is available 
in TO-100 metal case, while the hermetic gold 
chip (8000 series) is available in SO-14 (14-lead 
plastic micropackage). This last version is par- 
ticularly suitable for professional and telecom 
applications wherever very high MTBF are 
required. 


TO-100 





SCHEMATIC DIAGRAM (The pin numbers refer to the » package version, while the numbers in 


brackets refer to the TO-100 version) 
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ABSOLUTE MAXIMUM RATINGS TO-100 


[package 
V; Supply voltage 30 V 
AV, Differential input voltage 7 +5V 
Tép Operating temperature -25 to 85 °C 
Piss Power dissipation at Tamp= 70°C 520 mW 400 mW 
pee Storage temperature -65 to 150°C -55 to 150 °C 


CONNECTION DIAGRAMS AND ORDERING NUMBERS 


(top views) 


CARRIER {INPUTS 







OUTPUT 


MULTIPLIER 
INPUT 


NC 
CARRIER 
INPUTS SIGNAL OR 
MULTIPLIER NC 
INPUTS 

-V. 
MULTIPLIER oe 
INPUTS 


(X AXIS) (NPUT 


$-2623/1 ‘ BIAS 





SIGNAL OR 
MULTIPLIER 


NC INPUTS 





Type 


LS 025 LS 025T ! LSO25M 





THE RMAL DATA TO-100 


* The thermal resistance is measured with the device mounted on a ceramic substrate (25 x 16 x 0.6 mm). 









Rin jamb Thermal resistance junction ambient 200* °C/W 
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ELECTRICAL CHARACTERISTICS (Referred to the circuit of fig. 1; Tamp= 25°C unless 


otherwise specified. The pins correspond to the ppackage version) 


_ PeLamS ee Test conditions 


fi 
- 
Cc 
a 
= 








I, Supply current 





Input bias current Pins 14-1 0.7 2 LA 
Pins 14-2 0.7 2 pA 
Pins 8-9 1.4 4 LA 
Input offset current Pins 14-1 nA 
Pins 14-2 nA 
Pins 8-9 nA 


Positive input common mode 
voltage 
Negative input common mode 
voltage 

Vo DC output voltage (pin 12) 
Differential output voltage 
(pins 11-12) 


Vref Input biasing reference voltage 
(pin 6) 


i 
a 
N 












Rj Input resistance Pins 14-1 30 kQ 
Pins 14-2 300 a 
Pins 8-9 150 








ee eee 
SS A 


Common mode rejection CM signal (pins 14-1) 

V = 700 mVrms f= 10 kHz 

Diff. signal (pins 8-9) 

V = 350 mVrms fo= 40 kHz 

CM signal (pins 14-2) 

V = 700 mVrms f,= 10 kHz 

Diff. signal (pins 8-9) 

V = 350 mVrms fo= 40 kHz 

CM signal (pins 8-9) 

V = 350 mVrms f= 10 kHz 

_ Diff. signal (pins 14-1) 
| V=175 mVrms fo= 40 kHz 
ee 

rejection 

f = 1 kHz 
Negative supply voltage 
rejection 
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ELECTRICAL CHARACTERISTICS (continued) 


Ce 
CS 


_ Vim _ 
V(fctfm) 












ve [om 






o1 
o1 


t 
1g) 
o1 











Modulating signal leakage dBmo 


QO 
5] 
< 





V (2Fm) 2nd harmonic modulating 


- -75 dBmo 
Vifettm) signal leakage 












Vfgt2fm) 


2nd harmonic distortion dBmo 


Vfctfm) 






V2(fetfm) 
V (fgtfm) 


dBmo 





2nd harmonic distortion 










V(ft3fm) 
Vifetfm) 


3rd harmonic distortion dBmo 









Low frequency thermal noise 






dBv 


High frequency thermal noise 





Working conditions 


V,= -20V 

f, = 130 kHz 

fry = 25 kHz 

V,= -15 dBv (f, + fx) 
V.=-13 dBv 

R, = 600 2 





$-2058/1 
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Fig. 2 - Carrier leakage vs. Fig. 3 - Conversion gain vs. Fig. 4 - Distortion vs. out- 
modulation signal input frequency put level 
offset 
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; ll 
tht | 
-20 0 f° 8 2 eo 4 68 2 46 68 
-4 -2 fe) 2 Vott (mv) 1071 } 10 10? fo = fon (kHz) 0 2 4 6 8 10 120 = Vg (dBv) 
Fig. 5 - Carrier leakage adjustment circuit for Fig. 6 - Carrier leakage vs. 
system with two supply voltages frequency 
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APPLICATION INFORMATION 


Fig. 7 - DC multiplier | 





ca OUTPUT 
[F—O+!5V OFFSET 
+15V 1SkO 470.0. ADJ 
INPUT O71 ES) +15V +15V 
O O | Jasmn 
51k 
13 | fra 
| e 4.3kQ 
: O 43 
2 7 i i |e 
: LS$025 3kn or OouT.. X¥ 
| 43kN B 
; 12 aa d 1100kN. 
> as ea 
51kn 43kn 
15kQ 470.2 oe 
InpuT O-t-— L—— 


$-2627 


Application diagram of DC multiplier, have a scale factor K = 0.1. Typical linearity and leakage errors 


are less than 1%. 
The input voltage range is + 10V. 


Definition of units 


dBm _ : power level (10 Ig 72) is expressed in dBm when P, is 1 mW, therefore 0 dBm= 1 mW. 
1 
dBmo : the power is expressed in dBmo when referred to an established power level in the circuit, 


generally the output signal level. 

e.g.: if the output level is -15 dBm and this level is chosen as reference, then 0 dBmo = -15 
dBm; if another signal, i.e. the distortion measured at the same point of the circuit, is 
~90 dBm, then the distortion is -75 dBmo. 


dBv :20lg v2 when V,= 775 mVrms. 
1 


Definition of terms 


Common mode rejection: CMR = 20 Ig Vem G 
ratio Vo 
with G = Conversion gain with specified circuit conditions 
Vcm = Common mode signal level 
Vo = Output signal level at frequency = f, +f, 
Scale factor ‘K= es 
Vit Vy 


with V, = voltage input (pins 14 - 2) 
Vy = voltage input (pins 8 - 9) 
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APPLICATION INFORMATION (continued) 


Vo (f, t fm) 
Conversion gain -G.= 201 o \'e ~ 'm 
g c g V, (fa) 
Carrier leakage : is defined as the output voltage at carrier frequency with only the carrier 


applied to the input (modulating voltage = O) 


Modulating signal leakage: is defined as the output voltage, at modulating frequency, referred to funda- 
mental carrier sidebands 


Vo (fm) 
Vo (fe t fm) 


M.S.L. = 20 Ig 


Output spectrum vs. frequency 





E 
E 
re) 
ey 
a. 
a) 
5 
Qa. 
= 
O 
frequency 
f, = carrier fundamental (leakage) 
Te = mod. sig. (leakage) 
nfm = harmonic modulating signal (leakage) 
1 es = fundamental carrier sidebands 
f, tnf,, = fundamental carrier sideband harmonics 
n(f, + f,,) = carrier harmonic sidebands 


265 














TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY 
TONE GENERATOR INTERFACE 


The LS156 is a monolithic integrated circuit in 
16-lead dual in-line plastic package to replace 
the hybrid circuit in telephone set. It works with 
the same type of transdurcers for both transmit- 
ter and receiver (typically piezoceramic capsules, 
but the device can work also with dynamic ones). 
Many of its electrical characteristics can be con- 
trolled by means of external components to meet 
different specifications. 

In addition to the speech operation, the LS156 
acts as an interface for the MF tone signal (par- 
ticularly for M761 C/MOS frequency synthesizer). 
The LS156 basic functions are the following: 


— It presents the proper DC path for the line 
current. 


— It handles the voice signal, performing the 2/4 
wires interface and changing the gain on both 


BLOCK DIAGRAM 





pea Side 








sending and receiving amplifiers to compen- 
sate for line attenuation by sensing the line 
length through the line current. 


It acts as linear interface for MF, supplying a 
stabilized to the digital chip and delivering to 
the line the MF tones generated by the M761. 


DIP-16 Plastic 


(0.4) 











ABSOLUTE MAXIMUM RATINGS 








Vi Line voltage (3 ms pulse duration) 22 V 
I Forward line current 150 mA 
Ie Reverse line current -150 mA 
Prot Total power dissipation at Tamp= 70°C 1 W 
Top Operating temperature -45to 70 °C 
Tstg, 1; | Storage and junction temperature -65 to 150 °C 
CONNECTION DIAGRAM 
(top view) 

MIC. INPUT MIC.INPUT 

+ LINE Yop 

MUTING MF INPUT 

BIAS ADJ. RECEIVER OUTPUT 

ig RECEIVER OUTPUT 

D.C.REGULATOR INPUT#(REC.AMP) 

eee aes 101] INPUT-(REC. AMP) 

ZBAL SWITCH of) -une 

$-3838 /1 

THERMAL DATA 
Rtn j-amp Thermal resistance junction-ambient max 80 °C/W 
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TEST CIRCUITS 


I +A 
—P —O 
4S1 4S2 
F 9B AP 048 
bb Lt 
2AF 
VL 


i  |aKa 





S- 4368/1 





Side tone = 


Fig. 4 


TEST 
CIRCUIT 


TEST 
CIRCUIT 


R=KN 





S- 437 6/) 














ELECTRICAL CHARACTERISTICS (Refer to the test circuits, $1 and S2 in (a), Tamp= -25 to 
+50°C, f = 200 to 3400 Hz, unless otherwise specified) 


SPEECH OPERATION 


Vi Line voltage = 25° 3.9 4.7 
3 Vv 


CMRR Common mode rejection f= 1 KHz 1, = 12 to80 mA er fate 


Sending gain 


















Sending gain flatness fref= 1 KHz 


1, =12 to80mA 


Sending distortion 
















Sending noise 1,= 40mA 


= -30 
-30 
iL= 50 mA VrRo= 1.8V 


; | 
ys % | 3 
[p= 50MA Vpo= 2.1V 10 


Receiving noise V i= OV I= 12 to80mA et EES 


Receiver output impedance | Vao= 50 mV 1L= 40mA 100 
pin 12-13 


Sidetone 


ZML. Line matching impedance Vpi= 0.3V f=1 KHz 
I,=12to80ma | 900 eo 






Microphone input 
impedance pin 1-16 


Sending loss in MF 
operation 


Gr Receiving gain 





Receiving gain flatness fres= 1 KHz 


1; = 12 to 80 mA 





Receiving distortion lL=12mMA Vro= 1.6V 


= 12mA VrRo= 1.9V 
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ELECTRICAL CHARACTERISTICS (continued) 






Parameter Test condition 


MULTIFREQUENCY SYNTHESIZER INTERFACE 


Vpp MF supply voltage 
(Standby and operation) I, = 12 to80mA 


lop MF supply current 
Stand by | 1, =12 to80mA 
Operation | 1, = 12 to 80 mA; So in (b) 


MF amplifier gain lL=12to80mA 
fur in= 1 KHz 
VME in> 80 mV 


DC input voltage level 
(pin 14) 


d Distortion Vu Fin= 110 mV 
lL = 12 to80mA 
Starting delay time |, =12 to 80mA 
Muting threshold voltage Speech operation 
(pin 3) 


Muting’stand by current 1_L=12to80mA 
(pin 3) 


Muting operating current 
(pin 3) 
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CIRCUIT DESCRIPTION 


1. DC characteristic 


In accordance with CCITT. recommendations, any device connected to a telephone line must exhibit a 
proper DC characteristics V,_, I. 

The DC characteristic of the LS 156 it is determined by the shunt regulator (block 2) together with two 
series resistors R; and R3. The equivalent circuit of the total system is shown in fig. 5. 


Fig. 5 - Equivalent DC load to the line 


PIN 6 Ry pin2 . tb 

Vo I, Vi LINE 
PIN7 PINS 

R3 5-4365 


A fixed amount |, of the total available current |, is drained for the proper operation of the circuit. 
The value of |, can be programmed externally by changing the value of the bias resistor connected to 
pin 4 (see block diagram). 

The recommended minimum of I, is 7.5 mA. 

The voltage V, = 3.8V of the shunt regulator is independent of the line current. 

The shunt regulator (2) is controlled by a temperature compensated voltage reference (1) (see the block 
diagram). 

rig. 6 shows a more detailed circuit configuration of the shunt regulator. 


Fig. 6 - Circuit configuration of the shunt regulator 
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CIRCUIT DESCRIPTION (continued) 


The difference |, - 1, flows through the shunt regulator being |, negligible. 

I, is an internal constant current generator; hence Vo = Vpep; + Ia ° Ra = 3.8V. The V,, I, charac- 
teristic of the device is therefore similar to a pure resistance in series to a battery. 

It is important to note that the DC voltage at pin 5 is proportional to the line current(V5= V7+Vpep, = 


(I, -1,) R3 + Veep). 


2. 2/4 wires conversion 

The LS156 performs the two wires (line) to four wires (microphone, earphone) conversion by means of 
a Wheatstone bridge configuration so obtaining the proper decoupling between sending and receiving 
signals (see fig. 7). 


Fig. 7- Two to four wires conversion 





2, _ Ry 








For a perfect balancing of the bridge 
B Ro 


The AC signal from the microphone is sent to one diagonal of the bridge (pin 6 and 9). A small percentage 
of the signal power is lost on Zp (being Zg > Z, ); the main part is sent to the line via R,. 

In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge 
(pin 11 and 10). After amplification it is applied to the receiving capsule. 

The impedance Z,, is simulated by the shunt regulator that is also intended to work as a transconduc- 
tance amplifier for the transmission signal. 


AV 6- 
The impedance Z,y is defined as —°~-. 
Alg-9 


From fig. 6, considering C, as a short circuit for AC signal, any variation AVg generates a variation. 
R 

Vo = = Vee rt Ss 
AV, = AVa AV ¢ ae 
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CIRCUIT DESCRIPTION (continued) 


The corresponding current change is 








AV 
R3 
Therefore 
= AV. ae, Ra 
Zu —_ Al = R3 (1 + R, ) 


The total impedance across the line connections (pin 11 and 9) is given by 
Zumt = Ri + Zm // (Ro + Zp) 


By choosing Zu > Ry and Zp > Zu 








R 
Zui = Zum = R3 (1+ =*) 
Rp 
The received signal amplitude across pin 11 and 10 can be changed using different values of R, (of 
. 2 R : 
course the relationship —& = — must be always valid). 
Zp Ro 
The received signal is related to R, value according to the approximated relationship 
R 
Ver = 2 . Veal i 
Ri +Zy 


Note that by changing the value of R,, the transmission signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 


3. Automatic gain control 


The LS156 automatically adjusts the gain of the sending and receiving amplifiers to compensate for line 
attenuation by sensing the line length through the line current. 
The line current is sensed across R3 (see fig. 6) and transferred to pin 5 by the regulator. 


Vs = Veepi +t V7 = Veepoi + (IL - to) * Rs. 


The pin 5 Vs voltage, after a comparison with an internal reference Varre (see the block diagram) is 
used to modify the gain of the amplifiers (4) and (5) on both the sending and receiving path. 

The starting point of the automatic level control is obtained at 1; = 25 mA when the drain current 
lh =7.5 mA. 

Minimum gain is reached for a line current of about 52 mA for the same drain current |,= 7.5 mA. 
When I, is increased by means of the external resistor connected to pin 4, the two above mentioned 
values of the line current for the starting point and for the minimum gain increase accordingly. 
Automatic switching of the balance network Zg for a better sidetone is performed by the LS156 
through Vs information. This information, proportional to the line length, drives the comparator (7b) 
(see the block diagram). 

For long lines, the impedance level of Zg is high (pin 8 open) and the additional +1 dB gain is added to 
the receiving amplifier chain. 
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CIRCUIT DESCRIPTION (continued) 


For short lines, the impedance level of Z, is automatically switched to a lower value (pin 8 shorted to 
ground) and the additional +1 dB block is bypassed by the received signal. 
A built in hysteresis circuit avoids uncertain operation of the comparator. 


4. Transducers interfacing 

The microphone amplifier (3) has a differential input stage with high impedance (= 40 KQ) so allowing 
a good matching to the microphone by means of external resistors without affecting the sending gain. 
The receiving output stage (6) is particularly intended to drive piezoceramic capsules. [Low output 
impedance (1002 max); high voltage swing (close to V,_ ); current capability of 1.8 mAp]. 

When a dynamic capsule is used, it is useful to decrease the receiving gain by decreasing R, value (see the 
relationship for Vp). 

With very low impedance transducer, DC decoupling by an external capacitor must be provided to 
prevent a large DC current flow across the transducer itself due to the receiving output stage offset. 


5. Multifrequency interfacing 


The LS156 acts as a linear interface for the Multifrequency synthesizer M761 according to a logical 
signal (mute function) present on pin 3. 

When no key of the keyboard is pressed the mute state is low and the LS156 feeds the M761 through 
pin 15 with low current (standby operation of the M761). The oscillator of the M761 is not operating. 
When one key is pressed, the M761 sends a “high state’’ mute condition to the LS156. A voltage com- 
parator (9) of LS156 drives internal electronic switches: the current delivered by the voltage supply (10) 
is increased to allow the operation of the oscillator. This extra current is diverted by the receiving and 
sending section of the LS156 and during this operation the receiving output stage is partially inhibited 
and the input stages of sending and receiving amplifiers are switched OFF. 

A controlled amount of the signalling is allowed to reach the earphone to give a feedback to the sub- 
scriber; the MF amplifier (11) delivers the dial tones to the sending paths. 

The application circuit shown in fig. 9 fulfils the EUROPE II standard (-6, -8 dBm). If the EUROPE | 
levels are required (-9, -11 dBm), an external divider must be used (fig. 11). 

The mute function can be used also when a temporary inhibition of the output signal is requested. 


APPLICATION INFORMATION 
Fig. 8 - Application circuit with multifrequency (EUROPE II std.) C3 
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APPLICATION INFORMATION (continued) 
Fig. 9 - Application circuit with multifrequency (EUROPE | std.) Fig. 10 - External mute function 


11 














15 
34.8 (1* Yoo | 
18 KO | 
MUTE 
1 
i : Speech 
LS 156 
16 *p7Ke MF INPUT], 
* with MF 
M761 820pF 
rg EY ra 20.5[ |* 
430KN Kn is 
| lezkn 
LS156 
17 9 
Mute 
: 3 
120pF 0.33 pF 30 1 sand 
eg S~4140 
[ oie . 
peasy without MF 


* TOLLERANCE =t2% 


Fig. 11 - Application circuit without multifrequency. 











LINE 





aie 
T_pooeer 





3.6 
KQ 
6 


1 
C1 ) 10 AF 


The circuits shown in fig. 8 and fig. 11 are referred to the Italian standard. The fig. 10 shows the con- 
nection for mute function (inhibition of the output stage when it is requested) by using an external 


switch at pin 3. 
Different values for the external components can be used in order to satisfy different requirements. The 
following table can help the designer. 











$~ 4138/3 
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APPLICATION INFORMATION (continued) 


| Component | vee | Purpose f Note 
R» 
R3 
R4 
Rs 
R6 


The ratio R2/R, fixes the amount of signal de- 
a | 
















Bridge 
Resistors 





characteristic (see R3 note). 









Line current 













The relationships involving R3 are: 


sensing. © Zmc= (20 R3 // Zp) +R, 

Fixing DC Z, //z 

characteristic. e Go= K: Soe ee 
3 





e Vi= (Iy = Io) (R3 F Ri) + Vo’; Vo= 3.8V. 
Without any problem it is possible to have a 
Zum. ranging from 500 up to 900 2. 











Bias 
Resistor 





The suggested value assures the minimum operating 
current. It is possible to increase the supply current 
by decreasing Ry (they are inversely proportional), 
in order to achieve the shifting of the AGC starting 
point. (See fig. 12). 













livered to the line. Ry helps in fixing the DC 





The balance network has two possible impedance 
levels, selected by the circuit referring to the line 
current (i.e. to the line length) in order to optimize 
the sidetone. It’s possible to change Rs, Re, R7 
values in order to improve the matching to dif- 
ferent lines; in any case: 
“Bp = F2 with the two possible values for Zp: 
ZL Ry 

2—(1) = R7+Re6 // C4 (long lines) 

Zp(2) = R7 + (Re // Rs) // Cq (short lines) 
(see fig. 13). 






5.1 KQ Balance 
Network 

































Rg and Rg’ must be equal; the suggested value is 
good for matching to piezoceramic capsule; there is 
no problem in increasing and decreasing (down to 
O 2) this value, but when low resistance levels are 
used a DC decoupling must be inserted to stop the 
current due to the receiver output offset voltage 
(max 400 mV). 


Receiver 
impedance 
matching 


















The suggested value is typical for a piezoceramic 
microphone, but it is possible to choose Rog ina 
wide range. 


Microphone 
impedance 
matching 











A value greater than 10 uF gives a system start 
time too high for low current line during MF 
operation; a lower value gives an alteration of the 
AC line impedance at low frequency. 


C> 47 nF Matching to Cy changes with the characteristics of the transmis- 
a capacitive line sion line. 


Regulator 
AC bypass 











APPLICATION INFORMATION (continued) 


Receiving gain C3 depends on balancing and line impedance versus 
flatness. frequency. 


C4 22 nF Balance See note for R7, Re, Rs. 
network. 


0.33 uF DC filtering The Cs range is from 0.1 wF to 0.47 wr. The 
lowest value is ripple limited, the higher value is 
starting up time limited. 


DC decoupling for 
receiving input. 





Fig. 12 - Sending and re- Fig. 13 - Balance network 
ceiving gain vs. line current impedance vs. line current 


G- 440111 
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MICROPHONE AMPLIFIER 


VERY FEW EXTERNAL COMPONENTS 
NEEDED 


BUILT IN PARTIAL BRIDGE 
HIGH IMMUNITY AGAINST EMI 
ACCURATE GAIN CONTROL 
NO CAPACITOR REQUIRED 


WIDE OPERATING VOLTAGE AND CUR- 
RENT RANGE 


PROGRAMMABLE DC CHARACTERISTICS 


The LS188B/LS188CB monolithic microphone 
amplifiers are designed to be used with several 
kinds of transducers. They can replace the carbon 
microphone in telephones and may also be used 
in cassette recorder, walky talkies, or infrared 


BLOCK DIAGRAM 





receiver applications. The circuits are assembled 
in a 8-pin Dual in Line Package. The LS188B/ 
LS188CB consist of a differential input amplifier, 
internal reference and a current modulator stage 
enabling the device to send the amplifier speech 
to the line. 


Minidip Plastic 


ORDERING NUMBER: LS188B 
LS188CB 
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ABSOLUTE MAXIMUM RATINGS 





20 V 


Microphone voltage (Sms duration) 
IV Microphone current 150 mA 
Prot Power dissipation 600 mW 
Top Operating temperature -30 to 70 


CONNECTION DIAGRAM 
(Top view) 





DC 
8 | CHARACTERISTICS 


LINE | 


MIKE INPUT 


GROUND 


GAIN 
PROGRAMMATION 


a 
=a 


TEST CIRCUIT 


60V 


$-6206/1 





THERMAL DATA 


Rth j-amb Thermal resistance junction-ambient max 100 °C/W 


280 










ELECTRICAL CHARACTERISTICS (Refer to the test circuit at 25°C with f = 300Hz to 3400 


Hz unless otherwise specified) 











Parameter Test Conditions 










Gs Sending gain 
for B type = 1KHz Pin 5 floating 41.5 42.5 43.5 
for CB type Im =15mA Pin 5 floating 39.5 40.5 41.5 


G Gain spread vs. temperature | -25°C Tamp +60°C +1 
G Gain spread vs. polarity Im = + 15mA 
G 


Vu} = 1mV 
f= 1KHz Im =7 to 60mA 
lret = 15mA 


Vu = imV 





















Gain spread vs. line current 












Microphone voltage 





V1-7 


Differential resistance and Im = 7 to 6OmMA 
output impedance 
Frequency response Im = 15mA +14 


Input impedance 
for B type 
for CB type 


Distortion fre¢ = 1KHz 
Im=7to15mA Vo=0.4V 2 % 
Im = 15 to60MA Vo 1.25 7 % 


















Gain versus pin 5/6 connection for Gain versus pin 5/6 connection for 


LS188B LS188CB 
renin | tet 













aa roe | cme eS 


Intermediate values of Ge are obtained by right resistors at pins 5 or 6. 
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HIGH PERFORMANCE DUAL OPERATIONAL AMPLIFIER 


SINGLE OR SPLIT SUPPLY OPERATION 
LOW POWER CONSUMPTION 

SHORT CIRCUIT PROTECTION 

LOW DISTORTION, LOW NOISE 

HIGH GAIN-BANDWIDTH PRODUCT 
HIGH CHANNEL SEPARATION 


The LS204 is a high performance dual oper- 
ational amplifier with frequency and phase com- 
pensation built into the chip. The internal phase 
compensation allows stable operation as volt- 
age follower in spite of its high gain-bandwidth 
products. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 


V; Input voltage 
V; Differential input voltage 
Top Operating temperature for LS 204 
LS 204A 
LS 204C 
Prot Power dissipation at Tanp= 70°C 
j Junction temperature 


Storage temperature 


The circuit presents very stable electrical charac- 
teristics over the entire supply voltage range, 
and it particularly intended for professional 


and telecom applications (active filters, etc). 
The LS204 series is available with hermetic 
gold chip (8000 series). 


Minidip 
Plastic 











Minidip upackage 





-55 to 125°C 
Oto 70°C 
665 mW 
150°C 
-55 to 150°C 


520 mW 
150°C 
-65 to 150°C 


400 mW 
150°C 
-55 to 150°C 














CONNECTION DIAGRAMS AND ORDERING NUMBERS 


(top views) 


Wy 
iO 





OUTPUT 
OUTPUTS output a 8 || Vs 
8 
a | 2 7 | eee 
INV.INP CO OJINVINP 
A B NON INV. Ne 
INP A 
NON INV. () (NON INV 1 
INPA INP B NON INV. 
“Vs || 4 } INP B 


Vs 
(case) 


S-3586/1 





| LS 204 LS 204 TB LS 204 M 


LS 204A LS 204 ATB — 


LS204C LS 204 CTB LS 204 CB LS 204 CM 





SCHEMATIC DIAGRAM (one section) 





INVERTING NON INVERTING 
INPUT INPUT 
O 
8 
0 
OUTPUT 
O 





S- 2104 


THERMAL DATA 





Minidip SO-8 


155 °C/W | 120°C/W | 200 °C/W 






Rin j-amp Thermal resistance junction-ambient 
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ELECTRICAL CHARACTERISTICS (V,= + 15V, Tamp= 25°C, unless otherwise specified) 


LS 204/LS204A LS 204C 


Typ. 


Parameter . Test conditions 


: Input bias current 
Tmin < Top < Tmax 


f= 1 KH2 
= Input offset voltage < 10 KQ 


ae 10 K2 
Tmin < Top < Tmax 





: 





GS | = 
exe ec ola 
or | O1 Ol1loO 


AN os Input offset voltage drift =10KQ 
fi < oe < Tmax 
Input offset current 
Tmin < Se < Tmax 


Aes. Input offset current drift | Tmin < Top < Tmax 
Output short circuit 
current 


Large signal open loop 
voltage gain 





— 

fe) 
Oo 
2 
fe) 








Distortion we 20 dB R, = 2K 
o= 2 Vpp f = 1 KHz 
DC output voltage swing = 2KQ ws =+15V 
=+ 4V 
Large signal voltage swing | R,= 10 nae 
f = 10 KHz 


Slew rate unity gain 
R= 2KQ2 


Common mode rejection | V;= 10V 
an <Top < Tmax 


Supply voltage rejection =1V £f=100Hz 
To, < Top eel 


Channel separation f = 1 KHz 


yi 
n 


Note: 
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Fig. 1 - Supply current vs. 
supply voltage 


























0 2h £8 212 216 Vs (V) 


Fig. 4 - Open loop fre- 
quency and phase ber a 





Fig. 7 - Large signal fre- 
quency response 


G-3695/1 











































































































Fig. 2 - Supply current vs. 


ambient temperature 
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(mA) 





















Fig. 5 - Open loop gain vs. 


ambient temperature 





100 Tamb(*C) 


Fig. 8 - Output voltage 
swing vs. load resistance 
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Fig. 3 - Output short circuit 
current vs. ambient tem- 
perature 
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Fig. 6 - Supply voltage re- 
jection vs. ee 





Fig. 9 - Total input noise 
vs. papas healed 
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APPLICATION INFORMATION 


Active low-pass filter: 
BUTTERWORTH 


The Butterworth is a “maximally flat” amplitude response filter. 
Butterworth filters are used for filtering signals in data acquisition 
systems to prevent aliasing errors in sampled-data applications and 
for general purpose low-pass filtering. 

The cutoff frequency, f,, is the frequency at which the amplitude 
response is down 3 dB. The attenuation rate beyond the cutoff fre- 
quency is -n6 dB per octave of frequency where n is the order (number 
of poles) of the filter. 

Other characteristics: 

@ Flattest possible amplitude response. 

@® Excellent gain accuracy at low frequency end of passband 


BESSEL 


The Bessel is a type of “linear phase” filter. Because of their linear 
phase characteristics, these filters approximate a constant time delay 
over a limited frequency range. Bessel filters pass transient waveforms 
with a minimum of distortion. They are also used to provide time 
delays for low pass filtering of modulated waveforms and as a”running 
average” type filter. 


The maximum phase shift is 
ber of poles) of the filter. The cutoff frequency, f., is defined as the 


-Nr * . 
radians where n is the order (num- 
a ( 


frequency at which the phase shift is one half of this value. For accu-. 


rate delay, the cutoff frequency should be twice the maximum signal 
frequency. The following table can be used to obtain the -3 dB fre- 
quency of the filter. 


-3 dB frequency 0.77 f. 0.67 f¢ 0.57 fc 0.50 f, 


Other characteristics: 

@ Selectivity not as great as Chebyschev or Butterworth. 
@ Very little overshoot response to step inputs 

@ Fast rise time. 






CHEBYSCHEV 


Chebyschev filters have greater selectivity than either Bessel or Butter- 
worth at the expense of ripple in the passband. 

Chebyschev filters are normally designed with peak-to-peak ripple 
values from + 0.2 dB to +2 dB. 

Increased ripple in the passband allows increased attenuation above 
the cutoff frequency. 


The cutoff frequency is defined as the frequency at which the ampli- 


tude response passes through the specified maximum ripple band and 
enters the stop band. 

Other characteristics: 

@ Greater selectivity 

@ Very nonlinear phase response 

@ High overshoot response to step inputs 


Fig. 10 -Amplitude response 
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Fig. 11 -Amplitude response 
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Fig. 12 -Amplitude response 
(+ 1 dB ripple) 









































APPLICATION INFORMATION (continued) 


The table below shows the typical overshoot and settling, time response of the low pass filters to a step 
input. - . 


PEAK 7 
ETTLING TIME (% of final val 
NUMBER | OVERSHOOT ime ME (% of final value) 
OF POLES | 
S 1.9/f, sec. 
BUTTERWORTH 11 3.8/fo 
le 5.0/fe 
— 7A 


BESSEL 


CHEBYSCHEV 
(RIPPLE + 0.25 dB) 


CHEBYSCHEV 
(RIPPLE + 1 dB) 





Design of 2"4 order active low pass filter 
(Sallen and Key configuration unity gain op-amp) 


Fig. 13 - Filter configuration 
Co $-3567/1 








Mien 1s 1 where | 
Vj 14+2¢ 2 + = OQ = 27 f, with f,= cutoff frequency 
¢ Cc 
£ = damping factor. 
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APPLICATION INFORMATION (continued) 
pene | 


Three parameters are needed to characterise the 
frequency and phase response of a 2"4 order ac- ar rman response BG Cutoff sia 
tive filter: the gain (G,), the damping factor (§) 
or the Q-factor ae (2 b)- 1),and the cutoff fre- Bessel Frequency at which 
quency (f,). TF 3 | phase shift is -90° 
The higher order responses are obtained with a 

4 : 
series of 294 order sections. A simple RC section Seevwarth V¥2- 1 Erequmacwar which 
is introduced when an odd filter is required. 2 V2 | Gy=-3 dB 
The choice of ‘& (or Q-factor) determines the 


filter response (see table). Jz 
Chebyschev < 2 ee Frequency at which 
2 V2 | the amplitude 
response passes 
through specified 

max. ripple band 
and enters the stop 
band 





Fig. 14 - Filter response vs. damping factor 


- 3650/1 


es ae 












al 
Hl 
liste Fixed R= R, = Ro, we have (see fig. 13) 
i C= 
= ie 
-12 cy C = Zh. 1 
es \ W R Eu, 
PP rr WC 





Hii i MII The diagram of fig. 14 shows the amplitude response for different 
GO 02" 05 1 2 5 (f/f) values of damping factor £ in 294 order filters. 


- 


EXAMPLE: 


Fig. 15 - 5 order low pass filter (Butterworth) with unity gain configuration. 





jst 


order 2" order 24 order 








APPLICATION INFORMATION (continued) 

































In the circuit - fig. 15, for f, = 3.4 KHz and Tab. I 
R;= R,y= Ro= R3= Rag= 10 KQ, we obtain: Damping factor for low-pass Butterworth filters 
roast ‘ ° * 1 = 
C; = 1.354 R Ont 6.33 nF 
= : i 
C, =0.421 Ont. 1.97 nF 
Co =1.753:-+--! = 820nF 
a R 27f, 
2 : aes 
C3 =0.309 Ont. 1.45 nF 
C,=3.325-+-5" = 18.14 nF 
R "On f. 


The attenuation of the filter is 30 dB at 6.8 KHz 
and better than 60 dB at 15 KHz. 


The same method, referring to Tab. II and fig. 1 1 1 














16, is used to design high-pass filter. In this Ro =A = 75.6 Ka 
case the damping factor is found by taking the “10.421 C 27 , 
reciprocal of the numbers in Tab. Il. For f, 1 1 1 
= 5KHz and C; = C,; = Co =C3 = Cy, = 1 nF ho aoes Spee SS eno 
eek as 1.753 C em7f, 
sete eg toe 
R3=9.309°C anf, [08 Ke 
1 1. 1 _ 7 1 Seek eee 
Ri = 7364 °C 2 ee Ra = 3395 °C Ont, %6Ke 


Fig. 16 - 5' order high-pass filter (Butterworth) with unity gain configuration. 
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TELEPHONE SPEECH CIRCUITS 


The LS285 is monolithic integrated circuits 
for replacement of the hybrid circuit (2-4 wire 
interface) in conventional telephones interfacing 
the two transducers to the line and providing 
a controlled amount of sidetone. 

The same type of transducer can be used for 
both transmitter and receiver, usually a 3500 
dynamic type. 

By sensing the line current, LS285 adjusts the 
gain in both directions to compensate for line 
attenuation. 

Output impedance can be matched to the line, 
independent of transducer impedance. 


BLOCK DIAGRAM 


roo we ee a ae a ae ee een eer eee” 








The LS285 is packaged in a 14 lead dual in-line 
plastic package. 


DIP-14 Plastic 
(0.4) 


ORDERING NUMBER: U37070 








6/86 











ABSOLUTE MAXIMUM RATINGS 





Vi Line voltage (3 ms pulse duration) 


I Forward current 

IL Reverse current 

Prot Total power dissipation at T,,,= 70°C 
stg Storage and junction temperature 


Operating temperature 





CONNECTION DIAGRAM (top view) 






RECEIVER RECEIVER 
OUTPUT OUTPUT 
LINE IMP vic 
ADJUST. 

-VL 12 f] INPUT REC. 


AMP (+) 


11 f] INPUT REC. 
AMP (-) 


BIAS 10 |] MIC. INPUT 
AC LOOP 9 | MIC.INPUT 
OPENING 

NC NC 


$-4029 


THERMAL DATA 


Rtn j-amp  !hermal resistance junction-ambient 
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22 V 
120. mA 
-150 mA 
1 Ww 


-55 to 150 °C 
-40 to 70 a & 


max 





80 °C/W 





DESCRIPTION 


The LS285 is based on a bridge configuration. Basic circuit configuration 
They contain a regulator block, a sending amplifier and a receiver 
amplifier. 

The regulator monitors the line current and adjusts the amplifier 
gain to compensate for the line length. It provides DC charac- 
teristics in line with CEPT standards. 

The transmit/receiver amplifiers are connected to the line via an 
external bridge to provide sidetone attenuation. 

The line current compensation ensures that when the subscriber 
is talking, the signal delivered to the line is increased in according 
to the line lenght. When he is hearing, the signal level on the 
receiver capsule is constant. 

The amplifiers can also be matched to different transducers 
simply by varying external components. Gain variation over the 
operating temperature range is less than + 1 dB. 

The impedance to the line can be adjusted; without any change 
in circuit parameters; by changing an external resistor (6.8 Ka 
at pin 2). 





Fig. 1 - Test circuit 





a a a a a aaa a 7 
a | 
+——*O | 
LINE a | 
_ Ke | 
| 1000 | 
| fad OF 
| | 
| | 
| ! RECEIVER 
| | 
100. 
| Lae 50 of | ae 
| Pal Bes | RIO 3] 
| 9.09 KN. |2.05KQ , : Mca | 
| [ }ol Loe $1 5360 750 | 
| fezaka MoF on | 
| fgge TKD C3 100nF | 
| |__ 100 uF C5 | 
ee ee ee 


$-3792 /3 
MICROPHONE 
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Fig. 3 - Receiving gain 











$-5010 
eo2 VRO 
VRi 
Fig. 4 - Sidetone Fig. 5 - Return loss 


30nF 


TEST 
CIRCUIT 


(S,in a) 
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ELECTRICAL CHARACTERISTIC (Refer to the test circuit, Tanp= 25°C, f=300 Hz to 3400 Hz, 


$1, S2 in ““a’’ unless otherwise specified) 


Line voltage -15°C < Tamp < +45°C 
= 80 mA 
l= 20 mA 
IL=10mA 


Gs Sending gain 


Gs Sending gain variation -15°C < Tamb < t45°C 
vs. temp. 


Sending gain flatness I,= 10 to 80mA 
$1, $2 in (b) 


Sending distortion -15°C < Tamp < +45°C 


Microphone amplifier 
impedance (pin 9-10) 


Max sending output (°) 1. = 10to80mA 
Viai= 1V 


Gr Receiving gain 


AGprR_ Receiving gain variation | -15°C < Tampb < +45°C 
vs, temperature 


Receiving gain flatness frep= 1 KHz lt, =10to80mA 
$1, $2 in (b) 





(°) This output is limited to allow for input overvoltages. 
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ELECTRICAL CHARACTERISTICS (continued) 


IL =10 to 15 mA 
VRo=350 mMVp 








T 


P 


io) 









Receiving distorsion 


-15°C<Tamb | IL =15 to 80 mA 
< +45°C Vro=500 mVp 












Receiving amplifier 
output impendance 
(pin 1-14) 


Receiving noise VrRi=0 V I, =60 mA 
psophometric 

Max receiving output IL =80 mA 

current Vri = 10V 


Sidetone f = 1 KHz IL=20 mA 


Return loss S3 in (a) 
S3 in (b) 


(°) This output is limited to allow for input overvoltages. 







—_, 
efele|-f |e] a 
wo 
yon) 
3 
> 
a) 
a 





Fig. 6 - Typical application circuit 


law, + 
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Be Ci 
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APPLICATION INFORMATION 


The following table shows the recommended values for the typical application circuit of fig. 6. Different 
values can be used and notes are added in order to help designer. 


ee 


16.2 KQ Bias resistor 


2.05 KQ Balance network 


- 


R7 and R7’ 100 2 


C1 10 uF AC loop opening Ensures a high regulator impedance for AC 
signals (= 20 KQ). 
This capacitor should not be higher than 10 
uF in order to have a short response time of 
the system. 
C2 22 nF Matching to a capacitive | C2 changes with the characteristics of the 
line transmission line. 
82 nF High frequency roll-off C3 determines the high frequency response 
of the circuit. 
it also acts as RF bypass. 
22 nF Balance } Balance network | See note for R4 and R5d. 
DC decoupling for 
receiving input 



















Recommended 
Value 





Purpose 










The ratio R2/R1 fixes the amount of the 
signal delivered to the line. (see fig. 7) 


Bridge resistors 







Changing R3 value it is possible to shift the 
gain characteristics. 

The value can be chosen from 15 KQ to 20 
KQ. The recommended value assures the 
maximum swing (see fig. 9). 















In order to optimize the sidetone it is possible 
to change R4 and R65 values. In any case: 

ZB R2 

—— = —— where Zp= R4+ R5//C4. 

Z)_ R1 

















R6 and R6’ must be equal; 250Q, is a typical 
value for dynamic capsules. 

Furthermore, they determine a sending gain 
variation according to: 


Microphone impedance 
matching 










Rx 
8502 


where Rx = R6 + R6’ + Rmmjxe- The trend of 
AG, as a function of Rx value is shown in fig.8. 





AG, = 20 log 












R7 and R7’ must be equal; 100Q is a typical 
value for dynamic capsules 


Receiver impedance 
matching 




























APPLICATION INFORMATION (continued) 


Fig. 7 - Receiving gain 
variation vs. R1 value (with 
fixed R1/R2 ratio) 


K 
1 {=10to80 mA 
Ry /Ro= 27.15 


acon anne 


ae 
ivan 


50 60 n 80 90 RCM) 





Fig. 8 - Sending gain varia- 
tion vs. Rx value (see note 
for R6 and R6’) 
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Fig. 9 - Sending and receiv- 
ing gain variation vs. line 
current eee 
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PROGRAMMABLE TELEPHONE SPEECH CIRCUIT 


The LS288 is a monolithic integrated circuit in 
16-lead dual in-line plastic package. Designed as 
a replacement for the hybrid circuit in telephone 
sets it performs all the functions previously 
carried out by this circuit. 

With the LS288 it is possible to select the oper- 
ating mode (fixed or variable gain). The device 
works with both piezoceramic and dynamic 
transducers and therefore its gain, both in send- 
ing and receiving paths, can be preset by means 
of two external resistors. This feature can also be 
obtained in AGC operating mode, when the 
device automatically adjusts the Rx/Tx gains to 
compensate for the line attenuation by sensing 
the line current. 


BLOCK DIAGRAM 





The LS288 can supply the decoupling FET when 
working with an electret microphone. Output 
impedance can be matched to the line inde- 
pendently of transducer impedance. 


DIP-16 Plastic 
(0.4) 


ORDERING NUMBER: LS288B 
LS288AB 
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$-4934 


6/86 











Line voltage (3 ms pulse duration) 


Ie Forward line current 
I Reverse line current 
Prot Total power dissipation at T,np,= 70°C 


Operating temperature 
Storage and junction temperature 








CONNECTION DIAGRAM 


(top view) 





AGC CUTOFF 


16 || AC LOOP OPENING 


AC AND OC 
IMPEO. MATCHING 
MICROPHONE INPUT 


SENDING GAIN 


PROGRAM. LINE + 
PROGRAM. BIAS RESISTOR 
BAL.NETWORK ELECTRET MIKE 
SUPPLY 
REC. INPUT 
REC. CAPSULE 
LINE - (GND) 





S- 4468/1 


THERMAL DATA 


Rtn j-amb 





Thermal resistance junction-ambient 


300 


22 

150 

-150 

1 

-45to 70 
-65 to 150 


max 80 





mA 
mA 


°C 
°C 






°C/W 





TEST CIRCUITS 
Fig. 1 - Test Circuit 


L.A 
— > () 


-B 


TEST TEST 
CIRCUIT CIRCUIT 














39.2 1. 392 
P| et 
R1 1W R2 
WEF 
R4 
C2 6K 
33 1uF 
nF 
C3 
E . 
6KN 
CO DO EO FO 5-4935/1 


TEST 
CIRCUIT 














ELECTRICAL CHARACTERISTICS (Refer to the test circuits Tamp = -25 to 50°C, f = 200 to 





3400Hz, I, = 12 to 120mA, unless otherwise specified) 









Parameter 


AGC off (pin 1 floating) 


Gs * 


AGs 
AGs 


AGs 


Sending gain flatness 
(vs. current) for AB type 


Sending distortion 
for B type 


Ro.3 


Gr* 


(*) The sending and receiving gains are not completely indipendent but the variation in sending gain over the whole 


Line voltage 


Sending gain (for B type) 


Sending gain (for AB type) 


Sending gain flatness 
(vs. freq.) for B type 


Sending gain flatness 
(vs. freq.) for AB type 


Sending gain flatness 
(vs. current) for B type 


Sending distortion 
for AB type 


Sending noise for B type 
Microphone input 


impedance pin 2-3 


Receiving gain for B type 


Receiving gain for AB type 


1 = 60mA 
Tamb = 25° C 
f= 1KHz 
R8 = 14.5KQ 
Vij = 2mV 


eee, 

f = 1KHz 
R8 = 14.5KQ 
Veui =2mV 


Vu 


Vui =2mvV 
lref = 1KHz 


Vel =2mV 
fre = 1KHz 


yi =2mV 


f = 1KHz 
R7 = 31.1KQ 
R8 = 14.5KQ 


f= 1KHz 
R7 = 31.1KQ 
R8 = 14.5KQ 


R7 = 31.1KQ 
R8 = 14.5KQ 


as allow 
f = 1KHz 
R7 = 31.1KQ 
VR} = 0.3V 


I, 6OMA 
fe IKHe 
R7 = 31.1KQ 
VR} =0.3V 


1, = 15mMA 
1, =22mA 
1. =60mA 
iL = 120mA 


R7 = 8.9KQ 
R7 = 31.1K2 


R7 = 8.9KQ 
R7 = 31.1KQ 


Vso = 
Vso = 775MV 


Vui= 
IL = 12mA 


R8 = 14.5KQ 
R8 = 17.1KQ 


R8 = 14.5KQ 
R8 = 17.1KQ 





range of receiving gain (and vice-versa) is less then 0.5dB 
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ELECTRICAL CHARACTERISTICS (continued) 


AGR Receiving gain flatness VR, =0.3V I, ref = 6OMA 
(vs. freq.) for B type fret = 1KHz 


AGr Receiving gain flatness VR, =0.3V lL ref = 6OMA 
(vs freq.) for AB type fre¢ = 1KHz 

AGrRr Receiving gain flatness VR, =0.3V IL ref = GOMA 
(vs. current) for B type fre¢ = 1KHz 

AGR Receiving gain flatness VR, =0.3V ly ree = BOMA 
(vs. current) for AB type fre = 1KHz 

dr f= 1KHz VR, = 570mV 


R8=14.5K2. Vp,=1.1V 
R7 = 31.1KQ 





+ 
< 
a?) 
























Receiving distortion 
for B type 











Receiving distortion 
for AB type 


f= 1KHz V Ry = 570mV 
R8=14.5KQ Vp,=1.1V 
R7 = 31.1KQ 


Receiving noise for B type R8=14.5KQ2 I, =12mA 
VR, =0 R7 = 31.1KQ 
R9-10 Receiver output impedance | Vag = 50mV 
(Pin 9 and 10) 
Sidetone f = 1KHz Vui = 2mVv 
R7=31.1KQ 1, =12mA 
R8 = 14.5KQ 
ZML Line matching impedance Vr, =0.3V f= 1KHz 


Max receiving output Vai =2V 1, = 30mA 
(click suppressor) R8=14.5KQ R7=31.1KQ 


Vsm Microphone supply voltage lsu = 0.8mMA 
(Pin 11) 













i+ i+ 
: on ag ro) i fo) 
—_ . —_ . 
oi oI 





250 


30 





750 


2.2 


nN N 
wo NO 





AGC on (pin 1 ground) 


AGg and Sending and receiving gain | Tamp=25°C 1, =25mA 


AGr** _ variation In rep =12MA 1, = 50mA 
f= 1KHz 1, = 100mA 





(**) Referred to any value fixed by means of R7 and R8. 
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CIRCUIT DESCRIPTION 


1.DC Characteristic 


In accordance with CCITT recommendations, any device connected to a telephone line must exhibit a 
proper DC characteristic V, , 1... 

The DCcharacteristics of the LS288 is determined by the shunt regulator (block 2) together with two 
series resistors R, and R3 (see the block diagram). The equivalent circuit is shown in fig. 5. 


Fig. 5 ~- Equivalent DC load to the line 


14 R1 13 
Se eee : 
I V 
Vo | L 
LINE 
R3 
15 8 
$-4936 


A fixed amount, |,, of the total available current, |, , is drained to allow the circuit to operate correctly. 
The value of I, can be programmed externally by changing the value of the bias resistor connected to 
pin 12. 


The recommended minimum value of |, is 7.5 mA with R pin 12 = 13 Ka. 

The voltage V, = 3.8V of the shunt regulator is independent of the line current. 

The shunt regulator (block 2) is controlled by a temperature compensated voltage reference (block 1). 
Fig. 6 shows a more detailed circuit configuration of the shunt regulator. 


Fig.6 - Circuit configuration of the shunt regulator 


R2 14 R1 iS. gots 
aan O {| O 
2. 
Ip A Ip 
ss 
|Ra Iv 
Vo A 
Rb eS Is 
' a 3 VL 
VB 
O15 169 


ite _ 


() 2 


S$ 4941 





304 





CIRCUIT DESCRIPTION (continued) 


The difference |, - 1, flows through the shunt regulator since I, is negligible. 

I, is an internal constant current generator; hence V, = Vg +1, ° R, = 3.8V. 

The V,, |, characteristic of the device is therefore similar to a pure resistance in series with a battery. 
It is important to note that the DC voltage at pin 16 is proportional to the line current Vig=Vi5 +Vpg = 
(1, —1I,) R3 + Vg. 


2. Two to four wires conversion 


The LS288 performs the two wire (line) to four wire (microphone, earphone) conversion by means of a 
Wheatstone bridge configuration thus obtaining the proper decoupling between sending and receiving 
signals (see fig. 7). 


Zz _ Ry 
Zp Ro 


The AC signal from the microphone is sent to one diagonal of the bridge (pin 8 and 14). A small per- 
centaye of the signal power is lost on Z, (since Zp, > Z, ); the main part is sent to the line via R,. 

In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge 
(pin 6 and 7). After amplification it is applied to the receiving capsule. 

The impedance Z,, is simulated by the shunt regulator which also acts as a transconductance amplifier 
for the transmission signal. 








For a perfect balancing of the bridge 


The impedance Z,, is defined as AV (14-8) : 
Al(14-8) 


Fig. 7 - Two to four wires conversion 














CIRCUIT DESCRIPTION (continued) 


From fig. 6, considering C, as a short circuit to the AC signal, any variation in AV,4 generates a varia- 
tion as follows: 





Mg DV De aoe 
The corresponding current change is: 
1 = AM 
therefore 
2m = Rpt = Ra (1+ 


The total impedance across the line connections (pin 13 and 8) is given by 
Zuc = Ry + Zy// (Ro +Zp) 

By choosing Zy > Ry, and Zg> Zy 
Zuc = 2m = R3 (1 + an 


The amplitude of the signal received across pins 6 and 7 can be changed using different values of R,. 


5: = a must always be valid). 





(Of course the relationship 


The received signal is related to the value of R, according to the approximated relationship: 
> R, 
R; +Zny 


Note that if the value of R, is changed the transmission signal current is not changed, since the micro- 
phone amplifier is a transconductance amplifier. 


Ve = VrRi 2 


3. Input and output amplifiers 


The microphone amplifier (4) has a differential input stage with high impedance (min 11 Ka) so allow- 
ing a good matching to the microphone by means of an external resistor without affecting the sending 
gain. 

The receiving output stage (8) is intended to drive both piezoceramic and dynamic capsules. It has low 
output impedance, a maximum voltage swing greater than 2 Vp and a peak current of 2 mA. 

With very low impedance transducers, DC decoupling by an external. capacitor must be provided to 
prevent a large DC current flow across the transducer itself due to the receiving output stage offset. 


4. Gain Control 


It is possible to set the LS288 gain characteristics by means of one pin (pin 1). 

When the'pin 1 is floating, the gains of the sending and receiving amplifiers do not depend on the line 
current (AGC off). When the pin 1 is grounded the LS288 automatically changes the gain to compensate 
for line attenuation (AGC on). 
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DESCRIPTION CIRCUIT (continued) 


4.1. AGC OFF 


In this conditions, as already mentioned, both the sending and the receiving gain are fixed. Their values 
are determined, independently for the two paths, by the two external resistors R7 (for T,, between pin 
4 and ground) and Rg (for R;,,, between pin 5 and ground). R7 values ranging from 8 KO up to 50 Ka 
giving sending gains from 26 dB to 51 dB. Rg values range from 8 KO to 23 KQ giving receiving gains 
from -6 dB to + 14 dB (see fig. 9 and 10). 

This allows the LS288 to be used with a variety of different transducers. 


Fig. 9 - Sending gain vs. Fig. 10 - Receiving gain vs. 
R7 value (AGC off) . Rg value (AGC off) 
















































































0 5 10 15 20 Re(KN) 


4.2. AGC ON 


Starting from any couple of gain values, fixed by the appropriate values of Rz and Rg, the LS288 can 
automatically change the sending and receiving gains depending on the line current. 
The line current is sensed across R3 (see fig. 7) and transferred to pin 16 by the regulator. 


Vie = Ve t+Vis = Ve t+(I_-lo) > Rg 


Following comparison with an internal reference Veerg (see the block diagram) the voltage at pin 16 
is used to modify the gain of the amplifiers (5) and (7) on both the sending and receiving paths. 

The starting point of the automatic level control is obtained at |, = 25 mA when the drain current 
lh, =7.5mA. 

The external resistors Rz and Rg fix the maximum value for the gains. 

Minimum gain is reached for a line current of about 110 mA when the same drain current |, of 7.5 mA 
is used, 

When |, is increased by means of the external resistor connected to pin 12 the two above mentioned 
line current values for the starting point and for the minimum gain increase accordingly. 


5. DC Shunt Regulator 


The LS288 has built into the chip a DC shunt regulator intended to supply the coupling FET when an 
electret microphone is used. It delivers 1 mAp current with a voltage of 2 Volts (typ) regardless of the 
line current. 
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CIRCUIT DESCRIPTION (continued) 


Fig. 11 - Typical application circuit (piezoceramic transducers) 





C5 
82nF 
39.20. 392 2 
a + rw 
R 4 





R4 
2.2KN 
LINE 
C7 ee 
FG 
1OO0pF 
C6 
10nF 
RS 
C3 
10K 2. 
ne ~ 
<= $~ 4942/1 
Fig. 12 - Application circuit with electret microphone Cs 
: B2nF 
39.20 22 
a > DY + aw oc 
C2 |lwF 
S Hl 
RI 
EZa 
C4 R4 
2.2KN 
47nF 
LINE +> a 
18V 
10nF 
RS 
C3 
10K.0.} 
b — uf 
= $~ 49434 





308 





The following table can be helpful to the designer when choosing different values for the external 
components; it refers to the typical application circuit of fig. 11. 


Component Value 









39.2 2 Bridge Ry, controls the receiving gain. 
The ratio R2/R, fixes the amount of 
signal delivered to the line. Ry helps in 
fixing the DC characteristic (see R3 


note) 





all 















392 2 Resistors 


se) 
tv 










The relationships involving R3 are: 
— ZyL= (25 R3//Zs) + Ry 
Z, // Zp 
R3 


— Vi= (I - lo) (R3 + R;) + Vo 
[V,= 3.8v | 


Line current sensing 










—G,=K- 
















33.2 2 Fixing DC 


characteristic 









Values of Zpyqy ranging from 650 up to 
8502. are easily obtainable. 










In order to optimize the sidetone it is 
possible to change Ra and Rs values; in 
any case the following relationship 
applies: 


2.2 KQ 


aay 


~ ial w 











Balance 


10 KQ Network 





where Zp= R4tRs//Xc3 







The suggested value assures the mini- 
mum operating current. 


13 KQ Bias Resistor 










8 to 50 KQ Sending gain 


programming Resistor 


8 to 23 KQ 


Receiving gain 


programming Resistor 











1.8 KQ Receiver impedance 


matching 


Rg and Rog’ must be equal; the suggested 
value is good for matching to piezocera- 
mic capsule; there is no problem in in- 
creasing and decreasing (down to 02) 
this value, but when low resistance levels 
| are used DC decoupling must be inserted 
to stop the current due to the receiver 
output offset voltage (max 400 mV). 













DD 
re) 

DD 
Na) 





Dw 
° 
& 
A 
+e) 


The suggested value is typical for a pie- 
zoceramic microphone, but it is possible 
to choose Rig from a wide range of 
values: Ruixe = R10//Rpin 2-3- 


Microphone 
impedance matching 
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Regulator AC 
bypass 


DC decoupling for 
receiving input 
Balance network 


Matching to a 
capacitive line 


Receiving gain 
flattness 


RF bypass 
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A value greater than 10 uF gives a 
system start time too high for low line 
current. A lower value gives an alteration 
of the AC line impedance at low 
frequency. 


See note for Rq and Rs. 


C4 must be chosen according to the 
characteristics of the transmission line. 


Cs depends on balancing and line im- 
pedance versus frequency. 











POLARITY GUARD WITH VERY LOW VOLTAGE 
DROP FOR TELEPHONE APPLICATION 


The LS346 is a monolithic integrated circuit 
designed to work as polarity guard, particularly 
in telephone applications where a very low volt- 
age drop is required, and DTMF dialling system 
is used. 


Typically it exhibits a total drop of 150mV with 
a flowing current of 10mA increasing to 700mV 
with 100mA. 


A small amount of the total current: is drained 
by the LS346 to operate. 


In addition to LS346 limits the voltage at the 
polarized side to 16V so replacing the zener 


TEST CIRCUIT 





diode usually palced before the electronic tele- 
phone speech circuit. 


The device is assembled in a standard plastic 
minidip. 


Minidip 


ORDER NUMBER: LS346 








6/86 












in Input current (steady state) 


150 
Vin Max input voltage 22 V 
Top Operating temperature -40to 70 “Cc 
T Storage and junction temperature -55 to 150 C 


CONNECTION DIAGRAM 
(Top view) 





CURRENT SET ff 1 


NC 
SoHE Ne 
VOLTAGE 6 I] vottace 
=r wc 


BLOCK DIAGRAM 





S- 9050 
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THERMAL DATA 





Rthjamb Thermal resistance junction-ambient 


ELECTRICAL CHARACTERISTICS (Refer to the test circuit, S1 closed, S2 and S3 open, 
Tamp = 25°C, f = 200 to 3400Hz unless otherwise specified) 


1 1.35 
3 4.5 mA 
5 

= 1KHz 


: a 0.25 
0.7 
Parallel input imp. 1, = 10 to 100mA 


Operating voltage (DC) Via 1 = 5mA V 
$1, S3 closed - S2 open 
Flatness vs. frequency frig = 1KHz Se 









Current consumption 


Voltage drop (DC) 
(V6-2 + V3.4) 












Voltage drop (AC) 
20 Log (Vi_B/VLa~) 


S1 open S2 closed 
ah = 10 to 100mA 
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TELEPHONE 
LINE 


Fig. 1- Drop voltage line 
current 


G-5994 





600 


400 





200 
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SPEECH 
CIRCUIT 


S- 9051" 


Fig. 2 - Current consumption 
vs. line current 
G-5995 


Reese Rs 
baled alee alee 






Ig 
(mA) 
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TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY 
TONE GENERATOR INTERFACE 


The LS356 is a monolithic circuit in 16-lead dual 
in-line plastic package to replace the hybrid 
circuit in telephone set. It works with the same 
type of transducers for both transmitter and 
receiver (typical dynamic capsules, but the device 
can also work with piezoceramic ones). Many of 
its electrical characteristics can be controlled by 
means of external components to meet different 


- specifications. 


In addition to the speech operation, the LS356 
acts as an interface for the MF tone signal (par- 
ticularly for M761 C/MOS frequency synthesizer). 
The LS356 basic functions are the following: 


— It presents the proper DC path for the line 
current. 


— It handles the voice signal, performing the 2/4 
wires interface and changing the gain on both 


BLOCK DIAGRAM 


a me me we eee oe 


GAIN CON 


bias 
resistor 












sending and receiving amplifiers to compen- 
sate for line attenuation by sensing either the 
line current or the line voltage. In addition, 
the LS356 can also work in fixed gain mode. 


It acts as linear interface for MF, supplying a 
stabilized voltage to the digital chip and de- 
livering to the line the MF tones generated by 
the M761. 


DIP-16 Plastic 


(0.4) 


ORDERING NUMBER: LS356B 
LS356AB 


MF. | 
te a MUTE 


$- 4930/1 


6/86 








Vi Line voltage (3 ms pulse duration) 


he Forward line current 

I Reverse line current 

Peod Total power dissipation at Tamp= 70°C 
Tog Operating temperature 


Tstg, 1; | Storage and junction temperature 


CONNECTION DIAGRAM 


(top view) 
MIC. INPUT 
+LIN€ 


MUTING 


BIAS ADJ. 


SHUNT REG. 
BYPASS 


D.C.REGULATOR 


LINE CURRENT 
SENSING 


GAIN CONTROL 


THERMAL DATA 


Rth j-amb Thermal resistance junction-ambient 
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MIC, INPUT 

Yoo 

MF INPUT 
RECEIVER OUTPUT 


RECEIVER OUTPUT 








22 

150 

-150 

1 

-45 to 70 
-65 to 150 


max 80 


mA 
mA 


°C 
°C 


°C/W 


































TEST CIRCUITS G 
R} C) 
IL +A 39.20 392. 
: 4S1 4S2 
feed h foe | 
2 ue 2V 
33 — Hl zie 
6 10 14 6K 6K 
nF 
VE 3 
LS356 8 
5] 
1 16 9 12 13 | [eka V6 
R 
2 mar, | | | UL 
@ 
2002 
L__] 2001 
as 
22uF] 22M oTyF 
C 0 EO FO S- 4920/2 
Fig. 1 Fig. 2 
I,st2 to80mA 
TEST 
CIRCUIT 
V V 
Vui Vui 
Fig. 3 Fig. 4 
1,=12to8O0mA 1,=12 to8OmA 
TEST 
CIRCUIT 
S- 4923 
VRo Vumo 
Gp= G = 
RVR MF Ve 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuits, Vg= 1 to 2V, |, = 12 to 80 mA, 
S1 and S2 in (a), Tamp= -25 to +50°C, f = 200 to 3400 Hz, unless otherwise specified). 


[reamed ta cin [oe Ye Jo Jo Jr 


SPEECH OPERATION 


Vi __Line voltage Tamp= 25°C 1L=12mA 
1L=20mA 
= 80 mA 


CMR Common mode rejection f=1 KHz | 50 | 


Gs Sending gain for B type Tamb= 20°C f=1KHz Vg=2V | 44.5 
Vui=2mvV Vgz1V | 485 
G, Sending gain for AB Tamb= 25°C f=1KHz Vg=2V 
type Vui= 2mV VG= 1V 
Sending gain flatness Vuiz=2mvV freg= 1 KHz 
(vs. frequency) 
(*) Sending gain flatness for Vgz2Vv lref= 90 mA 
B type (vs. current) 
(*) Sending gain flatness for Vgqz2V lref= BO MA 
AB type (vs. current) 


V 


Z 1 
4 
5 

Sending distortion for B f = 1 KHz Vso= 775 mV 

type 1L=16mA Vso= 900 mV 

Sending distortion for f=1KHz Vso= 775 mV 

AB type = 16mMA Vso= 900 mV 

Sending noise for B type Vuit= OV Vg=i1V So eset | 

Sending noise for AB type — | Vyyi= OV Vg@= iV Ff | 88 dBmp 
| Microphone input Vui=2mvV 

impedance (pin 1-16) 

Sending gain in MF Vui=2mvV 

; operation S2 in (b) © 


R Receiving gain for B type 


3 

+1.5 

-2.5 
3 

+2.0 


+ 


Gr Receiving gain for AB type 


Receiving gain flatness Vriz0.3V frep= 1 KHz 
(vs. frequency) 


(*) Receiving gain flatness VGgz2Vv lref= 50 MA 
for B type (vs. current) 
| 


(*) Receiving gain flatness Vg=2V 
for AB type (vs. current) 


+ 


4 
5 
0 
0 
1 
0 


+ 


oe 
. 3 | 


Receiving distortion for B f=1 KHz V Ro= 400 mV 
type VrRo= 450 mV 


5 
7 
1 
1 
5 
1 
3 
0 
3 
1 
5 
1 
2 
5 


3.65 
44 | 
48 
-30 





* Fixed gain mode. 
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ELECTRICAL CHARACTERISTICS (continued) 


Receiving distortion for f= 1 KHz V Ro= 400 mV 
AB type V RO= 450 mV 


Receiver output V Ro= 50 mV 
impedance (pin 12-13) 
Sidetone f= 1 KHz Tamb= 25°C 
$1 in (b) 
Zumt. Line matching impedance Vrai= 0.3V f=1 KHz 


“lg Input current for gain control 
(pin 8) 


| MULTIFREQUENCY SYNTHESIZER INTERFACE 
Vpop MF supply voltage S2 in (b) 
te ee is 
Operation 


MF amplifier gain MF in= 1 KHz 
VMF in= 80 mV 


a 14) 
ik <a 


Muting threshold voltage Speech operation 
(pin 3) 

























-10 






<0 
wo 
= N 
En 











<[< 


MF operation 


Muting standby current 

(pin 3) 
Muting operating current §2 in (b) 
(pin 3) 
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CIRCUIT DESCRIPTION 


1. DC characteristic 
The fig. 5 shows the DC equivalent circuit of the LS356. 


Fig. 5 - Equivalent DC load to the line 


PIN 6 Ry ping -~t 
Vo Iy Vi LINE 

IN7 | PINS 

: R3 5-4365 


A fixed amount |, of the total available current |, is drained for the proper operation of the circuit. 


The value of |, can be programmed externally by changing the value of the bias resistor connected to 
pin 4 (see block diagram). 


The minimum value of I, is 7.5 mA. 
The voltage V, = 3.8V of the shunt regulator is independent of the line current. 


The shunt regulator (2) is controlled by a temperature compensated voltage reference (1) (see the block 
diagram). 


Fig. 6 shows a more detailed circuit configuration of the shunt regulator. 


Fig. 6 - Circuit configuration of the shunt regulator 











The difference |, -1, flows through the shunt regulator being I, negligible. 
I, is an internal constant current generator; hence V, = Vz +1, ° Rg =3.8V. 
The V,, lt, characteristic of the device is therefore similar to a pure resistance in series to a battery. 


It is important to note that the DC voltage at pin 5 is proportional to the line current (V; = V7 + Vg = 
(I, -I,) R3 + V5). 
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CIRCUIT DESCRIPTION (continued) 


2. Two to four wires conversion 


The LS356 performs the two wires (line) to four wires (microphone, earphone) conversion by means of 
a Wheatstone bridge configuration so obtaining the proper decoupling between sending and receiving 
signals (see fig. 7). 


Fig. 7 - Two to four wires conversion 





Z 
For a perfect balancing of the bridge —=~ = ——— . 


The AG signal from the microphone is sent to one diagonal of the bridge (pin 6 and 9). A small per- 
centage of the signal power is lost on Z, (being Z, > Z,_); the main part is sent to the line via R1. 

In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge 
(pin 11 and 10). After amplification it is applied to the receiving capsule. 

The impedance Zyy is simulated by the shunt regulator that is also intended to work as a transconduc- 
tance amplifier for the transmission signal. 





The impedance Z,, is defined as Sve 
6-9 
From fig. 6 considering C1 as a short circuit for AC signal, any variation AV¢ generates a variation: 
= ae . Rp 
The corresponding current change is 
AV, 
Al Ra 
Therefore 
AV6 R 
Zu = = R3 (1+ —* 
se Al Rp 








CIRCUIT DESCRIPTION (continued) 


The total impedance across the line connections (pin 11 and 9) is given by 


Zuc = R1+Zp // (R2 + Zp) 


By choosing Zy > R1 and Z, > Zy 
Ra 

b 
The received signal amplitude across pin 11 and 10 can be changed using different values of R1 (of 
course the relationship Z, /Zg = R1/R2 must be always valid). 
The received signal is related to R1 value according to the approximated relationship: 

R1 
Ri+Zy 


Note that by changing the value of R1, the transmission signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 


Zuc = Zum = R3 (1 + ) 





Va = 2VeR 


3.Automatic gain control 


The LS356 automatically adjusts the gain of the sending and receiving amplifiers to compensate for line 
attenuation. 
This function is performed by the circuit of fig. 8. 


Fig. 8 


VG VREF G 


Lig 


S-4696 


The differential stage is progressively unbalanced by changing Vg in the range 1 to 2V (Vpere is an 
internal reference voltage, temperature compensated). 

It changes the current Ig, and this current is used as a control quantity for the variable gain stages (am- 
plifier (4) and (5) in the block diagram). The voltage Vg can be taken: 


a) from the LS356 itself (both in variable and in fixed mode) and 
b) from a resistive divider, directly at the end of the line. 


a) In the first case, connecting Vg (pin 8) to the regulator bypass (pin 5) it is possible to obtain a gain 
characteristic depending on the current. 
In fact (see fig. 6): 
Vs a Ve +V7,=Vep + (I, -1,) R3 


The starting point of the automatic level control is obtained at |, = 25 mA when the drain current 
lI, =7.5 mA. 
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CIRCUIT DESCRIPTION (continued) 


Minimum gain is reached for a line current of about 52 mA for the same drain current |, = 7.5 mA. 
When |, is increased by means of the external resistor connected to pin 4, the two above mentioned 
values of the line current for the starting point and for the minimum gain increase accordingly. 

It is also possible to change the starting point without changing |, by connecting pin 8 to the centre 
of a resistive divider placed between pin 5 and ground (the total resistance seen by pin 5 must be at 
least 100 Ko). In this case, the AGC range increases too; for example using a division 1:1 (50K/50K) 
the AGC starting point shifts to about |, = 40 mA, and the minimum gain is obtained at |, = 95 mA. 
In addition to this operation mode, the Vg voltage can be maintained constant thus fixing the gain 
values (Rx, Tx) independently of the line conditions. 

For this purpose the Vpj, voltage, available for supplying the MF generator, can be used. 


b) When gains have to be related to the voltage at the line terminals of the telephone set, it is necessary 
to obtain V, from a resistive divider directly connected to the end of the line. 
This type of operation meets for istance the requirements of the French standard. (See the appli- 
cation circuit of fig. 12). 


4. Transducers interfacing 


The microphone amplifier (3) has a differential input stage with high impedance (= 40 KQ) so allowing 
a good matching to the microphone by means of external resistor without affecting the sending gain. 
The receiving output stage (6) is particularly intended to drive dynamic capsules. (Low output impe- 
dance, 100 2 max; high current capability, 3 mAp). 

When a piezoceramic capsule is used, it is useful to increase the receiving gain by increasing R1 value (see 
the relationship for Vp). 

With very low impedance transducer, DC decoupling by an external capacitor must be provided to pre- 
vent a large DC current flow across the transducer itself due to the receiving output stage offset. 


5. Multifrequency interfacing 


The LS356 acts as a linear interface for the Multifrequency synthesizer M761 according to a logical 
signal (mute function) present on pin 3. 

When no key of the keyboard is pressed the mute state is low and the LS356 feeds the M761 through 
pin 15 with low voltage and low current (standby operation of the M761). The oscillator of the M761 
is not operating. 

When one key is pressed, the M761 sends a “high state’’ mute condition to the LS 356. A voltage com- 
parator (8) of LS356 drives internal electronic switches: the voltage and the current delivered by the 
voltage supply (9) are increased to allow the operation of the oscillator. 

This extra current is diverted by the receiving and sending section of the LS356 and during this oper- 
ation the receiving output stage is partially inhibited and the input stages of sending and receiving am- 
plifiers are switched OFF. 

A controlled amount of the signalling is allowed to reach the earphone to give a feedback to the subs- 
criber; the MF amplifier (10) delivers the dial tones to the sending paths. 

The application circuit shown in fig. 9 fulfils the EUROPE II standard (-6, -8 dBm). If the EUROPE | 
levels are required (-9, -11 dBm) an external divider must be used (fig. 10). 

The: mute function can be used also when a temporary inhibition of the output signal is requested. 
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APPLICATION INFORMATION 
Fig. 9 - Application circuit with multifrequency (EUROPE 11 STD) 


C3 






10yF 


R7' C8 
1000 
t__] 


RS 
2.2K 
C7_,\000pF 


i : 
tet FS 


OO as 


LINE >| 18V 








$-4926/1 


Fig. 10 - Application circuit with multifrequency (EUROPE |) 








$~5394 


* TOLLERANCE =t2% 
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APPLICATION INFORMATION (continued) 


Fig. 11 - Sending and 
receiving gain vs. line cur- 
rent (application circuit of 
fig. 13) 


cesveseeae 


| raer3Ka\ A pa -6ska | R4 =6.5KN 
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Fig. 12 - Application circuit without multifrequency 
C3 


LINE 





$- 4927 


2.2KQ B 
1000pF 
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APPLICATION INFORMATION (continued) 


Fig. 14 - Application circuit with fixed gain operation 





=) 
< 
il 


O Max gain condition 
Q Min gain condition 


ps 8) 
x 
I] 


Fig. 15 - External mute function 





a) with multifrequency 


LS356 


Mute 


Speech 
iL $- 4929 


b) without multifrequency 


In addition to the above mentioned applications, different values for the external components can be 


used in order to satisfy different requirements. 


The following table (refer to the application circuit of fig. 9) can help the designers. 


Bridge Resistors 


Line current sensing. 


Fixing DC charac- 
teristic 
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R1 controls the receiving gain. When 
high current values are allowed, R1 must 
be able to dissipate up to 1W. 

The ratio R2/R1 fixes the amount of 
signal delivered to the line. R1 helps in 
fixing the DC characteristic (see R3 
note). 


The relationships involving R3 are: 
— Zur = (20 R3//Zp) + R1 
Z//Zui. 

R3 

— Vi = (Ip-lo) (R38 + R1)+ V5; 
Vo =3.8V. 
Without any problem it is possible to 
have a Zpq, ranging from 600 up to 


900 ©. As far as the power dissi- 
pation is concerned, see R1 note. 


— Go= K: 








APPLICATION INFORMATION (continued) 


a : 


= 2.2 KQ Balance Network 
_ 7 


; 














The suggested value assures the mini- 
mum operating current. It is possible to 
increase the supply current by decreasing 
R4 (they are inversely proportional), in 
order to achieve the shifting of the AGC 
starting point. 







It is possible to change R5 and R6 values 
in order to improve the matching to dif- 
ferent lines; in any case: 


Zp R2 
Zi. R1 














2B = R5OS+ R6//Xceq 













R7 and R7’ must be equal; the suggested 
value is good for matching to dynamic 
capsule; there is no problem in increasing 
and decreasing (down to O 2) this value. 
A DC decoupling must be inserted when 
low resistance levels are used to stop the 
current due to the receiver output offset 
voltage (max 200 mV). 


Receiver impedance 
matching 































200 2 Microphone The suggested value is typical for a 
impedance dynamic microphone, but it is possible 
matching to choose R8 in a wide range. 







A value greater than 10 uF gives a 
system start time too high for low current 
line during MF operation; a lower value 
gives an alteration of the AC line im- 
pedance at low frequency. 





Regulator AC bypass 








C3 82 nF 







C2 changes with the characteristics of 
the transmission line. 


Matching to a 
capacitive line 

















C3 depends on balancing and line im- 
pedance versus frequency 


Receiving gain 
flatness 


The C5 range is from 0.1 uF to 0.47 uF. 


The lowest value is ripple limited, the 
higher value is starting up time limited. 





DC filtering 












Receiving output DC 
decoupling 











Receiving input DC 
decoupling 
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LOW CONSUMPTION TELEPHONE SPEECH CIRCUIT 


The LS388 ia a monolithic integrated circuit in 
16 lead dual-in-line plastic package, designed as 
a replacement for the hybrid circuit in telephone 
sets. It performs all the functions previously 
carried out by this circuit. The LS388 contains 
the following main functions: 


— It presents the proper DC path for the line 
current, particular care being paid to have 
low voltage drop and a very low current con- 
sumption; the LS388 is fully operating at 
6.5mA 


— It handles the voice signal, performing the 
2/4 wire interface and, when working with 
Automatic Gain Control, changing the gain on 
both sending and receiving amplifiers to com- 
pensate for line attenuation. 


With the LS388 it is possible to select the operat- 


ing mode (fixed or variable gain). The device 


BLOCK DIAGRAM 


Roe ee 


| 
| 
| 
Exar pets 
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BIAS 
RESISTOR 
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PE eae 
ais ancl ne 


C2 
| rn Oa 7 
\BALANCE 
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work with both piezoceramic and dynamic 
transducers because of the programmability ot 
its gains, that can be preset by means of two 
external resistors. 


In addition, the LS388 can be set in power down 
state, where the device displays avery low current 
consumption (about 2mA) but still maintains 
DC and AC impedances to the line (for parallel 
operation with a DTMF generator). 


DIP-16 Plastic 
(0.4) 


ORDERING NUMBER: LS388B 











G MUTE IN 
RECEIVING i cae DAGC SENDING 
GAI N 
N @ eoce | GAIN 
ON 


S -8641 


6/86 








ABSOLUTE MAXIMUM RATINGS 







Line voltage (3ms pulse duration) 22 V 
Ie Forward line current 150 mA 
Le Reverse line current - 150 mA 
Top Operating temperature -45 to 70 i 
Storage and junction temperature -65 to 150 





CONNECTION DIAGRAM 
(Top view) 


GAIN CONTROL AC LOOP OPENING 


AC AND DC 
wieaeouane IMPED CONTROL 
INPUT SENDING AMPL. 

OUTPUT 
SENDING GAIN LINE +AND 
PROGRAM. REC. INPUT 
RECEIVING GAIN aa 
BELA S RESISTOR 
MUTE REF. VOLTAGE 


BAL.NETWORK 





AND REC.INPUT EARPHONE 
OUTPUT 
LINE (GND) 
S-6270/1 
THERMAL DATA 
Rthjamb ‘Thermal resistance junction-ambient max 80 °C/W 





330 





TEST CIRCUITS 
Fig. 1 





S- 9153 


TEST 


TEST 
CIRCUIT i all 


TEST 
CIRCUIT 
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ELECTRICAL CHARACTERISTICS (Refer to test circuits; Ta,p) = +25 C; F = 1KHz; IL = 
50mA; Rs =71.5KQ; Re = 27.4KQ2; unless otherwise specified) 


Line voltage 3.2 | 35 | 38 
; V 


CMRR Common mode rejection ratio f = 1KHz CImCIE 
Sending gain Vut = 0.5V 20]  |55.0| aB | 
AGs 


Sending gain variation 
vs. current 


vs. frequency rian < f < 3.4KHz 


a oe 

Fo, Swsmawenn [reine vero | | [* |, 
Pszinn ven aso | [fs Pa 

cer oe 


v= 0800 ce 
a vn 7 reo] [ee foe fe 


AGR Receiving gain variation 
vs. current 


fre = 1KHz 
: 


Line matching impedance VR, = 100mV 
12mMA < IL < 74mA 
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HIGH PERFORMANCE QUAD OPERATIONAL 


AMPLIFIERS 


@ SINGLE OR SPLIT SUPPLY OPERATION 
@ VERY LOW POWER CONSUMPTION 
@ SHORT CIRCUIT PROTECTION 
@® LOW DISTORTION, LOW NOISE 
@® HIGH GAIN-BANDWIDTH PRODUCT 
@ HIGH CHANNEL SEPARATION 


The LS404 is a high performance quad oper- 
ational amplifier with frequency and phase com- 
pensation built into the chip. The internal phase 
compensation allows stable operation as voltage 
follower in spite of its high gain-bandwidth 
product. The circuit presents very stable electri- 
cal characteristics over the entire supply voltage 


ABSOLUTE MAXIMUM RATINGS 


range, and it is partucularly intended for pro- 
fessional and telecom applications (active fil- 
ters, etc.). 

The patented input stage circuit allows small 
input signal swings below the negative supply 
voltage and prevents phase inversion when the 
input is over driven. 

The LS404 is available with hermetic gold chip 
(8000 series). 


DIP-14 Plastic 
(0.25) 











V; Supply voltage +18 V 

V; Input voltage (positive) +V, 
(negative) -V,—0.5 V 

V; Differential input voltage + (V, - 1) 

Top Operating temperature LS 404 -25 to + 85 °C 
LS 404C Oto + 70 °C 

Pest Power dissipation (Tamb = 70°C) 400 mW 

T tg Storage temperature -55 to + 150 °C 
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CONNECTION DIAGRAM AND ORDERING NUMBERS 


(top view) 






LS 404 LS 404M 
LS 404C LS 404CB 





LS 404CM 








SCHEMATIC DIAGRAM (one section) 
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THERMAL DATA 50-14 


200°C/W | 200°C/W 










Rthj-amb [Thermal resistance junction-ambient 
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ELECTRICAL CHARACTERISTICS (V,=+ 12V, Tamp = 25°C, unless otherwise specified) 


re 


. i . " Max. 
x as nN AT Me A 
a a 
pes [rem Tf 
a a 


Vos Input offset 
voltage drift 











Input offset 
current drift 














Output short 
circuit current 







Large signal open 


Ri =2KQ Vy,=+12V 100 
loop voltage gain V, = +4V 95 
Gain-bandwidth 
product f = 20KHz 3 1.5 2.5 MHz 


8 15 10 nV | 
10 12 lez 
18 20 


Large signal f=10KHz |R_ = 10 KQ a 22 
voltage swing RL =1KQ 20 


SR Slew rate unity gain 
Ry = 2K 
CMR Comm. mode = 10V 
rejection 








Total input noise 
voltage 
















unity gain 
Riv = 2KQ 


Distortion 





f= 1KHz 
f = 20 KHz 








Vo DC output 
voltage swing 






SVR Supply voltage V;=1V f = 100Hz 
rejection 


CS Channel separation f = 1KHz 








Fig. 1 - Supply current vs. 
supply voltage 


G-4331/1 
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Fig. 4 - Open loop fre- 


quency and phase response 


G-3648/1 














0 0 
10 = 107 10S 10 10° 10® (Hz) 


Fig. 7 - Large signal fre- 
quency response 


G - 4330 




















































































































4 
10 10 10 








Fig. 2 - Supply current vs. 
ambient temperature 


G- 4332/1 
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Fig. 5 - Open loop gain vs. 
ambient temperature 


G-3641/2 
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Output voltage 
load resistance 


G-4329.. 


Fig. 8 - 
swing VS. 
















































































Fig. 3 - Output short circuit 
current vs. 
perature 


ambient tem- 



























































Fig. 6 - Supply voltage re- 
jection vs. frequency 
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Fig. 9 - Total input noise 
vs. frequency 




































































APPLICATION INFORMATION 
Active low-pass filter: 


BUTTERWORTH 

The Butterworth is a ‘‘maximally flat’’ amplitude response filter. 
Butterworth filters are used for filtering signals in data acquisition 
systems to prevent aliasing errors in sampled-data applications 
and for general purpose low-pass filtering. 

The cutoff frequency, f,, is the frequency at which the amplitude 
response in down 3 dB. The attenuation rate beyond the cutoff 
frequency is -n6 dB per octave of frequency where n is the order 
(number of poles) of the filter. 

Other characteristics: 

@ Fiattest possible amplitude response. 

@ Excellent gain accuracy at low frequency end of passband. 


BESSEL 

The Bessel is a type of “‘linear phase” filter. Because of their linear 
phase characteristics, these filters approximate a constant time 
delay over a limited frequency range. Bessel filters pass transient 
waveforms with a minimum of distortion. They are also used to 
provide time delays for low pass filtering of modulated waveforms 
and as a “‘running average”’ type filter. 


The maximum phase shift is oe radians where n is the order 


(number of poles) of the filter. The cutoff frequency, f,, is defined 
as the frequency at which the phase shift is one half to this value. 
For accurate delay, the cutoff frequency should be twice the ma- 
ximum signal frequency. The following table can be used to ob- 


tain the -3 dB frequency of cs filter. 
-3 dB frequency local 77. | 0.67 f, } 0.87 fe | 57 f. | O.50f, 


Other characteristics: 

@ Selectivity not as great as Chebyschev or Butterworth. 
@ Very small overshoot response to step inputs 

@ Fast rise time. 








CHEBYSCHEV 

Chebyschev filters have greater selectivity than either Bessel or 
Butterworth at the expense of ripple in the passband. 

Chebyschev filters are normally designed with peak-to-peak 
ripple values from 0.2 dB to 2 dB. 

Increased ripple in the passband allows increased attenuation 
above the cutoff frequency. 

The cutoff frequency is defined as the frequency at which the 
amplitude response passes through the specified maximum ripple 
band and enters the stop band. 

Other characteristics: 

@ Greater selectivity 

@ Very nonlinear phase response 

@® High overshoot response to step inputs. 
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Fig. 10 - Amplitude response 


G-3646 
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Fig. 11 - Amplitude response 
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Fig. 12 - Amplitude response 
(+ 1 dB ripple) 


G-3647 
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APPLICATION INFORMATION | (continued) 


The table below shows the typical overshoot and settling time response of the low pass filter to a step 
input. 


PEAK Sa 
NUMBER OVERSHOOT SETTLING TIME (% of final value) 
OF POLES 
1.7/f, sec. 1.9/f, sec. 
BUTTERWORTH 


28/f¢ 3.8/fo 
3.9/f. 5.0/f¢ 
5.1/fo TA. 


BESSEL 


CHEBYSCHEV 
(RIPPLE + 0.25 dB) 


CHEBYSCHEV 
(RIPPLE + 1 dB) 





Design of 2 order active low pass filter 
(Sallen and Key configuration unity gain op-amp) 


Fig. 13 - Filter configuration 


Co S-3567/2 







Vin 
Cy 


- 


Vo _ 1 where: 
V; 14+2¢ = 4 S? W. = 27 Ff, with f, = cutoff frequency 








£ = damping factor. 
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APPLICATION INFORMATION (continued) 


the frequency and phase response of a 2" Filter response Cutoti oe 


Three parameters are needed to characterize 


order active filter: the gain (G,), the damping 


TAB. 1 


Vil 
factor (£) or the Q-factor (Q= (2 &)-1), and Bessel - ca Frequency at which 
els Bec phase shift is -90° 


the cutoff frequency (f,) 


The higher order responses are obtained with a ie 
series of 2"4 order sections. A simple RC section Butterworth oer at which 
paaehey els y= 7-3 dB 
5 


is introduced when an odd filter is required. 


filter response (see table) 


The choice of &’ (or Q-factor) determines the Grseveher hie tes 
: the amplitude 
response passes 
through specified 
max. ripple band 
and enters the stop 
band 


Fig. 14 - Filter response vs. damping factor 


Ace — | —] iA 






EXAMPLE: 
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G- 3650/1 


sap te 
50}. 
























Fixed R= R, = Ro, we have (see fig. 13) 


‘@) 
ay 
{| 


We 





ies a 


EW, 


The diagram of fig. 14 shows the amplitude response for different 
values of damping factor £ in 2" order filters. 


Fig. 15 - 5*" order low pass filter (Butterworth) with unity gain configuration. 





Rj i Ry 
OE ae 
pang 

' 
1St order 
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C2 C4 $-3566/1 


oe] 
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24 order 2nd, rder 
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APPLICATION INFORMATION (continued) 






























In the circuit of fig. 15, for f, = 3.4 KHz and Tab. Il 
R;= R,= Ro= R3= Rg= 10 KQ, we obtain: Damping factor for low-pass Butterworth filters 
= 1 Bh shes 
ea 2 wel es [os [ea [es [ea [os [oe [or] oe 
z.4 Ea 2 ee 
i 7 all E ale 
Co=1753-h+ 54 = 8.20nF 
Cc 
= 1 Mesh ges 
C3 = 0.309 - R- a 1.45 nF 
ve 1 Te 
Cy = 3.325 - rR Inf. ~ 15.14 nF 


The attenuation of the filter is 30 dB at 6.8 KHz 
and better than 60 dB at 15 KHz. 


The same method, referring to Tab. II and fig. 1 1 1 























16, is used to design high-pass filter. In this Rees SR oe OO KO 
case the damping factor is found by taking the 0.421 C amt, 
reciprocal of the numbers in Tab. II. For f, 1 1 1 
= 5KHz and C; = C,; = Co = C3 = C, = 1 nF R,= o—— ———— = 18.2 Ka 
we obtain: 1.753 C 27f, 
= ean te ° l ° l = 
R3 0.309°C  2nf, 103 Ka 
_— 1 volte 1 = = 1 e 1 ° 1 = 
MCS aac G 2nie Ra = 3395 °C 2nf,  26Ke 


Fig. 16 - 5" order high-pass filter (Butterworth) with unity gain configuration. 


Re ibe $-4122 


Ci 
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St order order 
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APPLICATION INFORMATION (continued) 


Fig. 17 - Multiple feedback 8-pole bandpass filter. 


C3 


C1 RI C2 ah it 


Ri 
IN ( am | C_] 
R6 cs — Ri4 
O.yuF — ag cm 
R4 RS 
CC ) (} 


{ 
R2 | J22xn 





$-3899/1 





€13|0.22 we 
R3| | 22K 


220nF C7 il 


f, = 1.180Hz; A= 1; Co = C3 = Cy = Ce = Cg =Cg = C9 = C3 = 3.300 pF; 
Ry = Re= Rg = Ry = 160 Ka; Rs = Rg = Ry = Rig = 330K; Ry = R7 = Rio = Ry3 = 5.3K 












































Fig. 18 - Frequency response Fig. 19 - Bandwidth of band- 
of band-pass filter a, pass filter 
(dB) (dB) 
0 -t 
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APPLICATION INFORMATION (continued) 


Fig. 20 - Six-pole 355 Hz low-pass filter (Chebychev type) 


KN IOKN 


10KN 10KO tri 
10KN 10KN Let 3.54nF 
0.47,uF ais) 16.3nF 6OnF 


sinned Sesane 
56KO) NG Ae 


S$-6224 
This is a 6- pole Chebychev type with + 0.25 dB ripple in the passband. A decoupling stage is used to 
avoid the influence of the input impedance on the filter’s characteristics. The attenuation is about 55 dB 


at 710 Hz and reaches 80 dB at 1065 Hz. The in band attenuation is limited in practice to the + 0.25 dB 
ripple and does not exceed 0.5 dB at 0.9 fc. 


Fig. 21 - Subsonic filter (G, = 0 dB) 


10KN 


Vin o- 


22KN Vout 


$-6225- 


Fig. 22 - High cut filter (G, = 0 dB) 


C2 
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QUAD RELAY DRIVER 


The LS496 is a monolithic integrated circuit for 
driving four mechanical bipolar relays. In ad- 
dition to the four medium-power three state 
output stages, the LS496 contains also the 
necessary logic circuitry. 


Each of the four channels has a data input, a 
disable input and the output. Furthermore a 
common disable input is provided. The outputs 
are in the high impedance state if the corre- 
sponding disable input or the common disable 
input gets the high (H) level. Otherwise, the logic 
level on the data input appears at the output. 
This logic behaviour is illustrated in the truth 
table next page. 


The logic signals on the inputs are related to the 
signal ground (Vy) while the output level de- 
pends on the positive (Vs; =H) respectively the 
negative (Vso = L) supply voltage. The output 
stage is protected via clamping diodes against 
voltage spikes generated by inductive loads. 


ABSOLUTE MAXIMUM RATINGS 





Vsi1-Vs2 Supply voltage 


i-Vi Input voltage 
Voltage between two inputs 
lo Output. current 
Vo Maximum output voltage 
ano Ambient temperature 
Operating junction temperature 
Prot Total power dissipation 


Storage temperature 








The inputs can be supplied from fogic signals 
with small power rating (e.g. C-MOS circuits). 
All inputs are protected against overvoltage 
and voltage smaller than the signal ground Vy. 


In order to increase reliability, the LS496 con- 
tains a thermal shut-down circuit: for junction 
temperatures above 150°C, all outputs are 
switched in the high impedance state. With the 
built-in hysteresis the outputs become active 
again after a temperature decrease below 110°C. 
With the aid of current limiters the four output 
stages are short-circuit protected. 


DIP-16 Plastic 


(0.25) 





-0.5 to 36 
-0.5 to 20 










<bP<c<cc 


-0.5 to 20 
+100 m 
Vs2 to Vs 
0 to 70 °C 
150 °C 
600 mW 


-55 to +125 °C 











CONNECTION AND LOGIC DIAGRAM 


(top view) 





$-6271/1 


Truth Table 


L : Low Level lco 
H : High Level le; 
S : High Impedance Output lFj 

(third state) Q; 
X : Don't care 





THERMAL DATA 


Rth j-amb ‘Thermal resistance junction-ambient 
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Common Disable Input 
Single Stage Disable Input 
Data Input 

Output 


max 100 °C/W 








SCHEMATIC DIAGRAMS 
Channel 1-4 
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DC ELECTRICAL CHARACTERISTICS (Vsg;= +15V, Vso= -15V, Vu = 0, Tamp= 45°C 


unless otherwise specified) 


Vsi-Vm Operating supply 
Vso-Vmy_ voltage 
Vsi-Vs2 


Quiescent supply 
current 


Quiescent supply 
current 


Quiescent supply 
current 


Input voltages 
Igo, !F1-lFa, 
Nhanlha 


Input currents 


Output voltage 
Output currents 


Output leakage 
current 


Output saturation 
voltage of clamping 
diodes 


Thermal shut-down: 


Short circuit 
protection: 


all channels change to the high 





(the three conditions need to be 
fulfilled simultaneously, 
(see Fig. 1) 


Igo= H-level (> 8V) 
(Q1, Q2, Q3, Q4: high impedance 
state) 


Ico, lei! F4> L-level (< 5V) 
Iy4-1,4: don’t care 
No load on Q1-04 


Ico: l—-y-leq= L-level (< 5V) 
1)4-!)q : don’t care 
Load (> 150 2) on 01-04 


-lyL= 1mA 
range for low-level (L) 
range for high-level (H) 


Vit= Vm (L-level) 
Vin= Vs1 (H-level) 


leL= -70 mA (Igo= Es lej= L, FT i L) 
le@H= 70 mA (Iao= L, lej= L, ‘Ge H) 


Vat (Igoe L, Iri= Lbs L) 
V@H (Ieo= L, Iej= b, b= H) 


Vaz Vsi (lgo= H or lei= H) 
VqQ= Vso (leo= H or lej= H) 


impedance slate reestablishing of the 
logic behav. 


-150 


3 
> 


Var (Igo L, Irie L, Wye L) 
VeH (Ieo= L, leq= L; 14j= H) 


no protection 
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DYNAMIC ELECTRICAL CHARACTERISTICS 


Test conditions : Vos —= +12V, Voo _ -12V, Vu = OV, Rioap= 180 Q2 
Clock : f, = 100 kHz, duty cycle = 50% rise and fall time try., tr_H= 50 ns 


Propagation delay time 
(data, see Fig. 2c, 3a) 


Propagation delay time 
(disable and common disable, see Fig. 2a, b, 3a) 


tTLH Transition time 
tTHL (data, see Fig. 2c, 3b) 


Transition time 
(disable and common disable, see Fig. 2a, b, 3b) 


Clock frequency 





Use of L496 as relay driver 


If the L496 is used as a relay driver the voltages Voj= 19V, Vogo= -15V and Viy= OV are provided 
Further combinations are possible, if the maximum ratings for the voltages Vs}, Vso and Vy are not 
exceeded. 

A graphic illustration of these conditions is seen in Fig. 1. 


Fig. 1 - Allowed range of the voltage Vy, Vs; and Vso 








Yo ~ Vag: (V) 
9 18 27 36 
WS” 
Vs -Vy ALLOWABLE RANGE 
(Vv) FOR V51 ‘Ysa 

=9 
-18 

-27 S-6272 
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TEST CIRCUITS 


Fig. 2a - Propagation delay time and transition Fig. 2b - Propagation delay time and transition 
time (disable input | -3-I 4) time (common disable input Igo) 


+12V -12V 
e 





#12V -12V 












Fig. 2c - Propagation delay time and transition time (data input !,,-1I,4) 


+12V -12V 
O 


$-6275 
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Fig. 3a - Propagation delay time 
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Fig. 3b - Transition time 
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PRELIMINARY DATA 


PROGRAMMABLE TELEPHONE SPEECH CIRCUIT 


The LS588 is a monolithic integrated circuit in 
16 lead dual in-line plastic package. Designed as 
a replacement for the hybrid circuit in telephone 
sets it performs all the functions previously 
Carried out by this circuit. 

With the LS588 it is possible to select the operat- 
ing mode (fixed or variable gain). The device 
works with both piezoceramic and dynamic 
transducers and therefore its gain, both in send- 
ing and receiving paths, can be preset by means 
of two external resistors. This feature can also be 
obtained in AGC operating mode, when the de- 
vice automatically adjusts the Rx/Tx gains to 
compensate for the line attenuation by sensing 
the line current. 

The LS588 can supply the decoupling FET when 
working with an electret microphone. Output 


BLOCK DIAGRAM 








BIAS 
RESISTOR 


RECEIVING 


GAIN 


L 


S -8641 


SENDING & RECEIVING 
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bAGC 
A PIN16 A 
O OOFF 
ON 


impedance can be matched to the line indepen- 
dently of transducer impedance. 

In addition, the LS588 can be set in power down 
state, where the device displays a strow decrease 
of the current consumption (about 8 mA), still 
maintains DC and AC impedances to the line (for 
parallel operation with a DTMF generator). 


DIP-16 Plastic 
(0.4) 


ORDERING NUMBER: LS588FB 






STAGES 


——1 (3 


SENDING 
GAIN 





MN 
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ABSOLUTE MAXIMUM RATINGS 






Line voltage (3 ms pulse duration) 22 
Ve Forward line current 150 
Ie Reverse line current -150 
Pie Total power dissipation at Tamp= 70°C 1 
Top Operating temperature -45to 7/0 
Storage and junction temperature -65 to 150 





CONNECTION DIAGRAM 


GAIN CONTROL AC LOOP OPENING 


AC AND DC 

MICROPHONE IMPED CONTROL 

peel SENDING AMPL. 

OUTPUT 

SENDING GAIN LINE +AND 

PROGRAM. REC. INPUT 
RECEIVING GAIN 

MUTE REF. VOLTAGE 


BAL.NETWORK 


AND REC.INPUT EARPHONE 


LINE (GND) cial 





S-6270/1 


THERMAL DATA 





Rth j-amp Thermal resistance junction-ambient 
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mA 
mA 


AG 
°C 








TEST CIRCUITS 


Fig. 1 


lta 





TEST 
CIRGUIT 


TES! 
CIRCUIT CIRCUIT 
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ELECTRICAL CHARACTERISTICS (Refer to test circuits, Tanp = -25 to +50°C, f = 200 to 


3400Hz, |, = 15 to 100mA, R7 = R8 = 17.4KQ, $1 in B S2 in A, unless otherwise specified) 


ome | Tmt [tn [| mi | or 


A.G.C. On 




















Vie Line voltage I = 15mA Tamb = 25°C 4.5 4.9 
1, = 25mA 5.2 5.6 
IL = 50mA 7 78 
I, = 120mA 14 

CMR Common mode rejection f = 1KHz | 50 | ee al 


Sending gain 1 =50mA Tamb = 25 C 33.5 
f = 1KHz Vu = 3mV 


Gs 
AG Sending eal elise ler = 50mA 1, = 25mA 
: Tamb = 25 Cc 
















ean 100mA 


AR7 = -10KQ 


205 | 

vee 
I, = 15 to 25mA _ 
Veo =450mV so f= 1KHz 

ee 

eae 







vs. frequency 


w 
ov! 
o 
















THD, Sending distortion % 


4 


I, = 25 to 100mA 
Veo = 1.6V f=1KHz 
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Line dynamic in mute S2 in B) 
condition THD = 2% 
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CIRCUIT DESCRIPTION 


1. DC Characteristic 


In accordance with CCITT recommendations, 
any device connected to a telephone line must 
exhibit a proper DC characteristic V,, I,. 

The DC characteristics of the LS588 is deter- 
mined by the shunt regulator (block 2) together 
with two series resistors R; and R3 (see the 
block diagram). The equivalent circuit is shown 
in fig. 5. 


Fig. 5 ~ Equivalent DC load to the line 


14 R1 13 
ee gee I 
’ | VE 
2 LINE 
R3 
15 8 
$-4936 


A fixed amount, |,, of the total available current, 
IL, is drained to allow the circuit to operate 


Fig. 6 - Circuit configuration of the shunt regulator 


R2 14 

as O ed 

—————— 

Ip 
Vo 
+ 
Vp 
O15 





correctly. The value of 1, can be programmed 
externally by changing the value of the bias 
resistor connected to pin 12. 


The recommended minimum value of I, is 7.5 
mA with R pin 12 = 26KQ. 

The voltage V. = 3.8V of the shunt regulator is 
independent of the line current. 

The shunt regulator (block 2) is controlled by a 
temperature compensated voltage reference 
(block 1). 

Fig. 6 shows a more detailed circuit configur- 
ation of the shunt regulator. 

The difference |, -I, flows through the shunt 
regulator since |, is negligible. 

Il, is an internal constant current generator;hence 
Vo= Ve tla’ Ra =3.8V. 

The V,, I, characteristic of the device is there- 
fore similar to a pure resistance in series with a 
battery. 

It is important to note that the DC voltage at pin 
16 is proportional to the line current Vig = 
Vis tVg = (IL —1,) Ra + Ve. 


13 epee: 
G 
ia 
|p Sk i 
—— Ton) 











CIRCUIT DESCRIPTION (continued) 


2. Two to four wires conversion 


The LS588 performs the two wire (line) to four 
wire (microphone, earphone) conversion by 
means of a Wheatstone bridge configuration thus 
obtaining the proper decoupling between sending 
and receiving signals (see fig. 7). 


Z 
For a perfect balancing of the bridge —+- —t 
B 2 
The AC signal from the microphone is sent to 
one diagonal of the bridge (pin 8 and 14).A small 
percentage of the signal power is lost on Zp, 


Fig. 7 - Two to four wires conversion 


8 


From fig. 6, considering C, as a short circuit to 
the AC signal, any variation in AV,4 generates a 
variation as follows: 





R 
AVis = AV, = AVig ——2—— 
15 A 14 Ra + R, 
The corresponding current change is: 
ean 
R3 
therefore AG 2 
24S = Rp 1 = 2) 


b 


The total impedance across the line connections 
(pin 13 and 8) is given by 


ZML = R, +Zuy // (R, + Zp) 
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(since Zg > Z,); the main part is sent to the line 
via R, . 

In receiving mode, the AC signal coming from 
the line is sensed across the second diagonal of 
the bridge (pin 7 and 13). After amplification it 
is applied to the receiving capsule. 

The impedance Zy is simulated by the shunt 
regulator which also acts as a transconductance 
amplifier for the transmission signal. 


The impedance Zy is defined see aca 





Al(14-8) 
ize LINE 
$-B642 
By choosing Zy > Ry andZ_g > Zy, 
R 
Zu Zum = R3 (1+ —*-) 
b 


The amplitude of the signal received across pins 
13 and 7 can be changed using different values of 


R,. (Of course the relationship ot. bee 
must always be valid). 6 Ro 
The received signal is related to the value of R, 
according to the approximated relationship: 





Note that if the value of R, is changed the trans- 
mission signal current is not changed, since the 
microphone amplifier is a transconductance 
amplifier. 


CIRCUIT DESCRIPTION (continued) 


3. Input and output amplifiers 


The microphone amplifier (4) has a differential 
input stage with high impedance (min 11 K{2) so 
allowing a good matching to the microphone by 
means of an external resistor without affecting 
the sending gain. 

The receiving output stage (8) is intended to 
drive both piezoceramic and dynamic capsules. It 
has low output impedance, a maximum voltage 
swing greater than 2 Vp, and a peak current of 
2 mA. 

With very low impedance transducers, DC de- 
coupling by an external capacitor must be pro- 
vided to prevent a large DC current flow across 
the transducer itself due to the receiving output 
stage offset. 


4. Gain Control 


It is possible to set the LS588 gain characteristics 
by means of one pin (pin 1). 

When the pin 1 is grounded, the gains of the 
sending and receiving amplifiers do not depend 
on the line current (AGC off). When the pin 1 is 
connected to pin 15 the LS588 automatically 
changes the gain to compensate for line attenu- 
ation (AGC on). 


4.1. AGC OFF 

In this conditions, as already mentioned, both 
the sending and the receiving gain are fixed. Their 
values are determined, independently for the two 
paths, by the two external resistors R7 (for Ty, 
between pin 4 and ground) and Rg (for Ry, 
between pin 5 and ground), in a wide range (see 
fig. 8 and 9). 


4.2. AGC ON 


Starting from any couple of gain values, fixed by 
the appropriate values of Rz and Rg, the LS588 
can automatically change the sending and re- 
ceiving gains depending on the line current. 
The line current is sensed across R3 (see fig. 7) 
and transferred to pin 16 by the regulator. 


Vie= Vet Vis = Vet (IL -lo)* Ra 


Following comparison with an internal reference 
(block 1) the voltage at pin 1 is used to modify 
(block 3) the gain of the amplifiers (5) and (7) 
on both the sending and receiving paths. 

The starting point of the automatic level control 





Fig. 8 - Sending gain vs. R7 value (AGC OFF) 


G-5985 






Gs 
(dB) 






Fig. 9 - 





10 15 


20 Rg (KN) 


is obtained at |, = 25mA when the drain current 
lp =7.5 mA. 

The external resistors Rz and Rg fix the maxi- 
mum value for the gains. 

Minimum gain is reached for a line current of 
about 100 mA when the same drain current I, 
of 7.5 mA is used. 


5. DC Shunt Regulator 


The LS588 has built into the chip a DC shunt 
regulator intended to supply (pin 11) the coup- 
ling FET when an electret microphone is used. It 
delivers 1 mAp current with a voltage of 2 Volts 


(typ) regardless of the line current. 
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CIRCUIT DESCRIPTION (continued) 


6. Mute condition and multifrequency interfacing 


— A logical control (mute) at pin 6 allows oper- 


ation in parallel with a proper DTMF gener- 
ator connectable to the line (ex: PBD 3535). 


When pin 6 is set high (more than 1.8 Volt) 


850 22) not provided by the DTMF generator 
which acts as a current generator. 


Fig. 12 offers a complete application circuit 
for LS588 and PBD3535 where C, is reduced 


to 4.7 uF to optimize the DTMF start up 
without affecting the operation in speech 
condition. 


the mute logic circuit (block 9) switches off 
both sending and receiving stages (mute 
switch) and reduces (1) the bias current, to 
save about 10 mA, available for the paralleled 
DTMF generator. 

In this condition the LS588 still shows to the 
line the specified AC impedance (650 to 


The following table can be helpful to the designer 
when choosing different values for the external 
components, it refers to the typical application 
circuit of fig. 10. | 


Fig. 10 - Typical application circuit (piezoceramic transducers) 


S$- 86634 


Component Function 


Line current sensing 


R 4 controls the receiving gain. . 

The ratio R2/R, fixes the amount of 
signal delivered to the line. Ry helps in 
fixing the DC characteristic (see R3 note) 


The relationships involving R3 are: 
— Zmc= (21 R3//Zp) + Ry 
ope Ke Sele 

Fixing DC R3 

characteristic —V = (I -lo) (R3 +Ri) Vo 
[ Vo= 3.8V J 


Values of Zpq, ranging from 650 up to 
8502 are easily obtainable. - 
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CIRCUIT DESCRIPTION (continued) 


| Component | Value =| Function | 


26 KQ Bias Resistor 




















In order to optimize the sidetone it is 
possible to change Rq and R¢5 values; in 
any case the following relationship 
applies: 












Balance 
Network 










Z R 
Bsr See where Zg=RqatRs//Xc3 


2 Ry 








The suggested value assures the optimum 
operating current. 

It is possible to increase (decrease) the 
supply current by decreasing (Increasing) 
Re (they are inversely proportional), in 
order or achieve the shifting of the AGC 
starting point. This affects also the 
absolute gains, requiring different values 
for R7 and Rg. 










10 to 50 KQ 






Sending gain 


(Fig. 8) programming Resistor 
10 to 23 KQ Receiving gain 
(Fig. 9) programming Resistor 


Receiving impedance 
matching 


Rg and Rg’ must be equal; the suggested 
value is good for matching to piezocera- 
mic capsule; there is no problem in in- 
creasing and decreasing (down to O02) 
this value, but when low resistance levels 
are used DC decoupling must be inserted 
to stop the current due to the receiver 
output offset voltage (max 400 mV). 



















7 t™ 


C2 1 uF DC decoupling for 
receiving input 






Microphone 
impedance matching 


The suggested value is typical for a pie- 
zoceramic microphone, but it is possible 
to choose Ryg from a wide range of 
values: Rimike = Rio//Rpin 2-3- 

























Regular AC 
bypass 


A value greater than 10 uF gives a 
system start time too high for low line 
current. A value lower than 3.3 uF gives 
an alteration of the AC line impedance 
at low frequency. 










ee 
C4 must be chosen according to the 
characteristics of the transmission line. 


Matching toa 
Capacitive line 






















Receiving gain 
flattness 


Cs depends on balancing and line im- 
pedance versus frequency. 
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APPLICATION INFORMATION 


Fig. 11 - Application circuit with electret microphone 


a ——_____ 


LINE 


10nF 
C3 





= $-8644 


39.2% 392 
ee 


PBD3535 





$- 8604/1 
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TELEPHONE SPEECH CIRCUIT WITH MULTIFREQUENCY 
TONE GENERATOR INTERFACE 


The LS656 is a monolithic integrated circuit in 
16-lead plastic package to replace the hybrid 
circuit in telephone set. It works with the same 
type of transducers for both transmitter and 
receiver (typically dynamic capsules). Many of 
its electrical characteristics can be controlled by 
means of external components to meet different 
specifications. 

In addition to the speech operation, the LS656 
acts as an interface for the MF tone signal (par- 
ticularly for M761 C/MOS frequency synthesizer). 
The LS656 basic functions are the following: 


— It presents the proper DC path for the line 
Current, particular care being paid to have low 
voltage drop. 


— It handles the voice signal, performing the 2/4 
wires interface and changing the gain on both 


BLOCK DIAGRAM 


1 
I 
i 
' 
I 
i) 
I I 
I 


GAIN CONTROL 


bias 
resistor 





sending and receiving amplifiers to compen- 
sate for line attenuation by sensing either the 
line current or the line voltage. In addition, 
the LS656 can also work in fixed gain mode. 


It acts as linear interface for MF, supplying a 
stabilized voltage to the digital chip and deli- 
vering to the line the MF tones generated by 
the M761. 


DIP-16 Plastic 
(0.4) 


ORDERING NUMBER: LS656B 
LS656AB 





MF _ Yuu 
tye a MUTE 


$- 4930/1 


6/86 








ABSOLUTE MAXIMUM RATINGS 


T stg j T, 


Line voltage (3 ms pulse duration) 
Forward fine current 

Reverse line current 

Total power dissipation at Tamp= 70°C 
Operating temperature 

Storage and junction temperature 


22 V 
150 mA 
-150 mA 
1 W 


-45 to 70 °C 
-65 to 150 °C 





CONNECTION DIAGRAM 


(top view) 


MIC. INPUT 


«LINE 


MUTING 


BIAS ADJ. 


SHUNT REG. 
BYPASS 


D.C.REGULATOR 


LINE CURRENT 
SENSING 


GAIN CONTROL 


THERMAL DATA 


Rth j-amb 


Thermal resistance junction-ambient 
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MIC. INPUT 

Yop 

MF INPUT 
RECEIVER OUTPUT 


RECEIVER OUTPUT 


INPUT+#(REC.AMP) 
INPUT-~(REC.AMP) 


-LINE 


max * 80 °C/W 


TEST CIRCUITS 





22 uF 22pF I 
ie E E Ar 5-5245/1 


Fig. 1 Fig. 2 
1,=12to8OmA 












1,212 to8OmMmA 
t ——o 





$-4922 
_ VrRo _ Vso 
V=0.1V CMR Side tone = va Gs = V 
MI MI 
Fig. 3 rigA 
1,212 to80mA Os 





TEST 
CIRCUIT 


TEST 
CIRCUIT 
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ELECTRICAL CHARACTERISTICS (Refer to the test circuits, Vg= 1 to 2V, |, = 12 to 80 mA, 
$1, S2 and S3 in (a), Tamp= -25 to +50°C, f = 200 to 3400 Hz, unless otherwise specified). 


SPEECH OPERATION 

























Vie Line voltage Tamb™ 25 C 1,=12mA 3.4 3.9 
I/=30mA 5.1 V 
I= 60 mA 6.9 









C 
G 


Sending gain for Btype | Tamp= 25°C f=1KHz 1I,=25mA 48.5 
Vu= 2mvV 1, =50mA 44.5 






MR Common mode rejection = 1 KHz 
: ; 
S 






G Sending gain for AB Tamb= 20°C f=1KHz I,=25mA 48 









Vui= 2mvV 1, = 50 mA 44 
Vul= 2mV fret= 1 KHz 


type 


Sending gain flatness for 
B type (vs. freq.) 


Sending gain flatness for | Vaqy= 2 mV fres= 1 KHz 
AB type (vs. freq.) 

(*) Sending gain flatness for | Vpqy= 2 mV lyep= 50 MA 
B type (vs. current) S3 in (b) 








Sending distortion for f= 1 KHz Vso= 775 mV 
B type lL= 16 mA Vso= 900 mV 
Sending distortion for f=1 KHz Vso= 775 mV 
AB type I.=16mA Vso= 900 mV 
Sending noise for B type | Vayyy=OV; Vag=i1V a 
Sending noise for AB Vui=O0V; Vge=ziv 
type 
Microphone input Vui= 2mvV 40 
impedance (pin-16) 
Sending gain in MF Vui= 2mVv -30 
operation S2 in (b) 
Gr Receiving gain for B VR = 0.3V lL=25mA 
type f= 1 KHz 
Tamp= 25°C ae 
Receiving gain flatness Vri=0.3V fref= 1 KHz 
for B type (vs. freq.) 
Receiving gain flatness Vri=0.3V frep= 1 KHz 
for AB type (vs. freq.) 
. -_ 


Sending gain flatness for | Vyqy= 2 mV lyep= 50 MA 
AB type (vs. current) S3 in (b) 




















= 50 mA 
l= 25 mA 













Gr Receiving gain for AB 


type = 1 KHz 









LT ia 50 mA 


VRiz 0.3V 
Receiving gain flatness VR = 0.3V lref= 90 MA 
for AB type (vs. current) | $3 in (b) 


Receiving distortion for | f = 1 KHz V Ro= 400 mV 
B type l_=15mA VRoO= 450 mV 


* Fixed gain mode, 


Receiving gain flatness R= 0.3V lrep= 50 MA 
for B type (vs. current) S3 in (b) 
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ELECTRICAL CHARACTERISTICS (continued) 


Receiving noise for B Vaiz=OV; Vqg=1V 
type 
Receiving noise for AB VR OV; Vg=1V 
type 
Receiving output VrRo= 50 mV 
impedance (pin 12-13) 
Sidetone f=1 KHz 
Tamb= 29°C 
$1 in (b) 
ZML Line matching Vrai=0.3V f= 1 KHz 
impedance 
Ig Input current for gain 
control (pin 8) 
MULTIFREQUENCY SYNTHESIZER INTERFACE 


S2 in (b) 
Stand by 


S2 in (b) 
Operation 
MF amplifier gain fur in= 1 KHz 
Vv; DC input voltage level Veme_E in= 80 mV 
(pin 14) : 
Rj Input impedance Vue in= 80 mV 
(pin 14) 
d Distortion for B type VME in= 150 mVp 2 % 
1, >17mA 















Vpp ME supply voltage 
Stand by and Operation 






lpp MF supply current 












Distortion for AB type Vue in= 150 mMVp 
1, >17mA 


Starting delay time 





Muting threshold voltage 
(pin 3) 


Speech operation i] 








Muting stand by current 

(pin 3) 
Muting operating S2 in (b) 
current (pin 3) 
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CIRCUIT DESCRIPTION 


1. DC characteristic 
The fig. 5 shows the DC equivalent circuit of the LS656. 


Fig. 5 - Equivalent DC load to the line 


PIN 6 Ry PIN 2 atk: 
Vo Ig Vi LINE 
PIN7 PINS 

R3 5-4365 


A fixed amount |, of the total available current I_ is drained for the proper operation of the circuit. The 
value of |, can be programmed externally by changing the value of the bias resistor connected to pin 4 
(see block diagram). 

The minimum value of I, is 7.5 mA. 

The voltage V,o= 37V of the shunt regulator is independent of the line current. 

The shunt regulator (2) is controlled by a temperature compensated voltage reference (1) (see the block 
diagram). 

Fig. 6 shows a more detailed circuit configuration of the shunt regulator. 


Fig. 6 - Circuit configuration of the shunt regulator 


R2 G R1 2 Ih 
ee 8 Seal 


| |R3 ax C | 


$-4925 


The difference |, -l, flows through the shunt regulator being I, negligible. I, is an internal constant 
current generator; hence V,= Vg +1, ° Ra=3.7V. 
The V_, I characteristic “of the device is therefore similar to a pure resistance in series toa battery. 
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It is important to note that the DC voltage at pin 5 is proportional Fig. 7 - DC characteristic 
to the line current (Vj;= V7 + Vg= (IL-l,) R3 + Vp). 
The DC characteristic of the LS656 is shown in fig. 7. 


G- 4707 












































0 20 40 60 80 1, (mA) 


2. Two to four wires conversion 


The LS656 performs the two wires (line) to four wires (microphone, earphone) conversion by means of 
a Wheatstone bridge configuration so obtaining the proper decoupling between sending and receiving 
signals (see fig. 8). 


Fig. 8 - Two to four wires conversion EARPHONE 











Zi: R1 





For a perfect balancing of the bridge 
Zp R2 

The AC signal from the microphone is sent to one diagonal of the bridge (pin 6 and 9). A small per- 
centage of the signal power is lost on Zp (being Zp > Z,_); the main part is sent to the line via R17. 
In receiving mode, the AC signal coming from the line is sensed across the second diagonal of the bridge 
(pin 11 and 10). After amplification it is applied to the receiving capsule. 

The impedance Zyy, is simulated by the shunt regulator that is also intended to work as a transconduc- 
tance amplifier for the transmission signal. 





APPLICATION INFORMATION (continued) 





The impedance Zp, is defined as 8, 
6-9 

From fig. 6 considering C1 as a short circuit for AC signal, any variation AV, generates a variation: 

AV7 = AVa = AV 6 e — Rp 

Ra + Rp 
The corresponding current change is 
AV 

Therefore ay 

Zu = 6 = R3(1+ Ra) 

Al b 


The total impedance across the line connections (pin 11 and 9) is given by 
By choosing Zy > R1 and 2, > Z,, 


ZML = Zu =R3 (1 + Ra 





) 


Rp 
The received signal amplitude across pin 11 and 10 can be changed using different values of R1 (of 
course the relationship Z,; /Zg = R1/R2 must be always valid). 
The received signal is related to R1 value according to the approximated relationship: 
R1 
R1+Zy 


Note that by changing the value of R1, the transmission signal current is not changed, being the micro- 
phone amplifier a transconductance amplifier. 


Vr = 2 Vel 


3. Automatic gain control 


The LS656 automatically adjusts the gain of the sending and receiving amplifiers to compensate for line 
attenuation. 
This function is performed by the circuit of fig. 9. 


Fig. 9 


V 
G VREF G 


hig 


S-4696 
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The differential stage is progressively unbalanced by changing Vg in the range 1 to 2V (Vrere is an 
internal reference voltage, temperature compensated). 

It changes the current Ig, and this current is used as a control quantity for the variable gain stages 
(amplifier (4) and (5) in the block diagram). The voltage Vg can be taken: 


a) from the LS656 itself (both in variable and in fixed mode) and. 
b) from a resistive divider, directly at the end of the line. 


a) In the first case, connecting Vg (pin 8) to the regulator bypass (pin 5) it is possible to obtain a gain 
characteristic depending on the current. 
In fact (see fig. 6) 


V; = Ve +V7=Vep + (IL - IQ) R3 


The starting point of the automatic level control is obtained at |, = 25 mA when the drain current 
I, =7.5 mA. 

Minimum gain is reached for a line current of about 50 mA for the same drain current |, = 7.5 mA. 
When I, is increased by means of the external resistor connected to pin 4, the two above mentioned 
values of the line current for the starting point and for the minimum gain increase accordingly. 

It is also possible to change the starting point without changing |, by connecting pin 8 to the centre 
of a resistive divider placed between pin 5 and ground (the total resistance seen by pin 5 must be at 
least 100 Ka). In this case, the AGC range increases too; for example using a division 1:1 (50K/50K) 
the AGC starting point shifts to about |, = 40 mA, and the minimum gain is obtained at |_| = 95 mA. 
In addition to this operation mode, the Vg voltage can be maintained constant thus fixing the gain 
values (Rx, Tx) independently of the line conditions. 

For this purpose the Vpp voltage, available for supplying the MF generator, can be used. 


b) When gains have to be related to the voltage at the line terminals of the telephone set, it is necessary 
to obtain Vg from a resistive divider directly connected to the end of the line. | 
This type of operation meets the requirements of the French standard. (See the application circuit 
of fig. 13). 


4. Transducer interfacing 


‘The microphone amplifier (3) has a differential input stage with high impedance (= 40 Ko) so allowing 
a good matching to the microphone by means of external resistor without affecting the sending gain. 
The receiving output stage (6) is particularly intended to drive dynamic capsules. (Low output impe- 
dance (1002 max); high current capability 3 mAp). 

When a piezoceramic capsule is used, it is useful to increase the receiving gain by increasing R1 value 
(see the relationship for Vp). 

Whit very low impedance transducer, DC decoupling by an external capacitor must be provided to 
prevent a large DC current flow across the transducer itself due to the receiving output stage offset. 


5. Multifrequency interfacing 


The LS656 acts as a linear interface for the Multifrequency synthesizer M761 according to a logical 
signal (mute function) present on pin 3. 

When no key of the keyboard is pressed the mute state is low and the LS656 feeds the M761 through 
pin 15 with low voltage and low current (standby operation of the M761). The oscillator of the M761 
is not operating. 
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When one key is pressed, the M761 sends a “‘high state’’ mute condition to the LS656. A voltage com- 
parator (8) of LS656 drives internal electronic switches; the voltage and the current delivered by the 
voltage supply (9) are increased to allow the operation of the oscillator. 

This extra current is diverted by the receiving and sending section of the LS656 and during this oper- 
ation the receiving output stage is partially inhibited and the input stages of sending and receiving am- 
plifiers are switched OFF. 

A controlled amount of the signalling is allowed to reach the earphone to give a feedback to the sub- 
scriber; the MF amplifier (10) delivers the dial tones to the sending paths. 

The mute function can be used also when a temporary inhibition of the output signal is requested. 
The application circuit shown in fig. 10 fulfils the EUROPE II! standard (-6, -8 dBm). If the EUROPE | 
levels are required (-9, -11 dBm) an external divider must be used (see fig. 11). 


APPLICATION INFORMATION 
Fig. 10 - Application circuit with multifrequency (EUROPE || STD) 
































10uF 
ae 
RS 
22KA 
4. 
[e205 
C7, ON0pF 
430K. aS a 
OOCpF 
82k | | AP 
aaa 
120pF R3 R4 C1 {IOMF 15nF 
i120 30n| | 13K — a au 
[| V2 C4 
re | 6.8K 0 
he a 
x eae 









‘a | | 
MUTE 
a INPUT 


M761 





#* TOLLERANCE =t2%% 


$-5246 
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APPLICATION INFORMATION (continued) 


Fig. 12 - Sending and re- Fig.-13 - Application circuit without multifrequency 


ceiving gain vs. line current 
(application circuit of fig.10) 


G- 4613 








ANE | 
ais 


















































Fig. 14 - Application circuit with gain controlled by line voltage (French standard) 


CURRENT 


LIMITING L——__, 
82nF 


CIRCUIT 
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APPLICATION INFORMATION | (continued) 


Fig. 15 - Application circuit Fig. 16 - External mute function 
with fixed gain operation 











Ry 15 
LS656 
4 9 5 Mute 
3 
Speech 
°y a 
i 10 pF S-5252 
30M! 13KN 
Sa A (a a) with multifrequency b) without multifrequency 
$-5250 
Ry= 0 Main gain condition 
R,= 0 Main gain condition 


In addition to the above mentioned applications, different values for the external components can be 
used in order to satisfy different requirements. 
The following table (refer to the application circuit of fig. 10) can help the designers. 










| component | vate — | Purpose fot) 
R1 controls the receiving gain. When high cur- 


i Me rent values are allowed, R1 must be able to 





30 2 
: , dissipate up to 1W. 
330 2 Gridge Resistors The ratio R2/R1 fixes the amount of signal 
delivered to the line. R1 helps in fixing the DC 
characteristics (see R3 note). 


13 KQ Bias Resistor 







Line current sensing. 
Fixing DC 
characteristic. 


The relationships involving R3 are: 














— ZML= (20 R3//Zp) + R1 
Z,//Z 

= G, = K r SL eML 

R3 

— Vi = (IL - 19) (R3 + R1) + Vo; Vo= 3.7V. 


Without any problem it is possible to have a 
ZML ranging from 600 up to 9002. As far 
as the power dissipation is concerned, see 
R1 note. 








The suggested value assures the minimum oper- 
ating current. It is possible to increase the 
supply current by decreasing R4 (they are 
inversely proportional), in order to achieve the 
shifting of the AGC starting point. (See fig. 16). 
After R4 changement, some variations could be 
found also in other parameters, i.e. line voltage. 
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It’s possible to change R5 and R6 values in 
order to improve the matching to different 
lines; in any case: 





Ze R2 


rad R1 








Zp = R5+R6//Xcq 

















Receiver impedance 
matching 


R7 and R7! must be equal; the suggested value 
is good for matching to dynamic capsule; there 
is no problem in increasing and decreasing 
(down to 02) this value. A DC decoupling must 
be inserted when low resistance levels are used 
to stop the current due to the receiver output 
offset voltage (max 200 mV). 















Microphone 
impedance matching 


The suggested value is typical for a dynamic 
microphone, but it is possible to choose R8 ina 
wide range. 











Regulator 
AC bypass 


A value greater than 10 uF gives a system start 
time too high for low current line during MF 
operation; a lower value gives an alteration of 
the AC line impedance at low frequency. 


C2 changes with the characteristics of the 
transmission line. 
Receiving gain 


C3 82 nF C3 depends on balancing and line impedance 
flatness versus frequency. 


C5 0.33 uF DC filtering The C5 range is from 0.1 uF to 0.47 uF. The 


lowest value is ripple limited, the higher value 
is starting up time limited. 
C8 100 uF Receiving output See note for R7, R7. 
DC decoupling 
C9 1 uF Receiving input 
DC decoupling 
















Matching to a 
capacitive line 
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PRELIMINARY DATA 
AN AT&T PRODUCT 


60-VOLT DUAL RELAY DRIVER 


e TTL COMPATIBLE INPUT 


e EACH OUTPUT CAN HANDLE ANY LOAD 
FROM 2 TO 30mA. 


e DESIGNED TO OPERATE FROM 5V (V+) 
AND —48V (V_). 


e TESTED FOR 60V OPERATION. 


e PROTECTION DIODE AT EACH OUTPUT FOR 
OPTIONAL CONNECTION 


The LS1014 integrated curcuit consists of two in- 
dependent relay drivers and is intended for use in 
high voltage relay applications. 


Fig. 1 - Basic Schematic Diagram 


THIS DEVICE CONSISTS OF TWO IDENTICAL 
DRIVERS. ONLY ONE DRIVER SCHEMATIC 
IS SHOWN. 


Minidip A Plastic 


ORDERING NUMBER: LS1014AB 





Each driver is controlled by TTL Logic. A logical 
‘““1”’ on the input activates a relay. 


O OUTPUT 
Q6 


Q8 
450 
| OV 
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PIN DESCRIPTION 


PIN 
NUMBER CONNECTION 
1 





+ [ene 
aad 
a 
cae 
I Mad 















PIN CONFIGURATION 





$-8951 


ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise specified) 


Parameter 


Ambient Operating Temperature Range 
Storage Temperature Range 

Pin Soldering Temperature (t= 15 sec.) 
Voltage (V+ to V—) 

Voltage (V— to GND) 

Current (Each Driver Output) 


0to +70 °C 
—40 to +125 a 
300 °C 

70 V 

6.25 V 

— 30 mA 





Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’? may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 


for extended periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Ips Power Supply Current Ry = 1.5kQ 





Test Conditions ae unit 


/on [| ot | — | 24 |, 
a ee 


Logic Supply Current 


Logic Input Current 





Vin Input Switching Voltage 


VOH Output Voltage R, = 8200 





Fon [seo [= [reco 
ron [=eof = [75 
[orr [=s0 | — |-2s0 


aon eS S| 
Ei ee Roe 
PON: | D6. Ae] 
Cre Ne ee ee 


Fig. 2 - Output Voltage vs Temperature 
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Fig. 4 - Supply Current vs Temperature 
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Fig. 3 - Output Leakage Current vs Temperature 
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Fig. 5 - Logic Supply Current vs Temperature 


0.6 
< 
E 
| 
er 
] 
a 
= 
jp 0.5 
Zz 
Ww 
« 
« 
= 
oO 
> 
-_d 
a 
a. 
a | 
” 
fo ad 0.4 
Ww 
3 
Oo 
a 
2 
S 
©) 
ad 
0.3 
—50 0 50 100 150 


TEMPERATURE — °C 





377 











APPLICATION 


Figure 6 illustrates the relay-to-ground method of lay coils by connecting pin 3 to ground (see Figu- 
driving a relay using the LS1014 device. A surge re 1 for the internal surge protection diode con- 
protection diode can be placed across the re- nections). 


Fig. 6 - Relay-to-Ground Applications Diagram 


V— 
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PRELIMINARY DATA 


ELECTRONIC TWO — TONE RINGER 


@® LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION 
OF 4 DEVICES 


@® INTEGRATED RECTIFIER BRIDGE WITH 
ZENER DIODES TO PROTECT AGAINST 
OVERVOLTAGES 


@® LITTLE EXTERNAL CIRCUITRY 


@® TONE AND SWITCHING FREQUENCIES 
ADJUSTABLE BY EXTERNAL COM- 
PONENTS 


@ INTEGRATED VOLTAGE AND CURRENT 
HYSTERESIS 


LS1240 and LS1240A are monolithic integrated 
circuits designed to replace the mechanical bell 
in telephone sets in connection with an electro- 
acoustical converter. Both devices can drive 
directly a piezoceramic converter (buzzer). 

The output current capability of LS1240A is 
higher than LS1240. For driving a dynamic 
loudspeaker LS1240 needs a transformer, while 
LS1240A, needs a decoupling capacitor. 

No current limitation is provided on the output 


Fig. 1 - Test circuit 





stage of LS1240A, so a minimum load DC of 
5022 is adviced. 


The two tone frequencies generated are switched 
by an internal oscillator in a fast sequence and 
made audible across an output amplifier in the 
loudspeaker, both tone frequencies and the 
switching frequency can be externally adjusted. 
The supply voltage is obtained from the AC 
ring signal and the circuit is designed so that 
noise on the line or variations of the ringing 
signal cannot affect correct operation of the 
device. 


Minidip Plastic 


ORDERING NUMBERS: LS1240 
LS1240A 





S$ - 6203/3 


750 


fswEEP = a es 
1 


6/86 








ABSOLUTE MAXIMUM RATINGS 





Vap Calling voltage (f = 50Hz) continuous 
VaB Calling voltage (f = 50Hz) 5s ON/10s OFF 
DC Supply current 

Top Operating temperature 

T stg Storage and junction temperature 


CONNECTION DIAGRAM 
(Top view) 


LINE 


GROUND 


SWEEP RATE 
CONTROL CAPACITOR 


OUTPUT FREQUENCY 
CONTROL RESISTOR 


THERMAL DATA 


Rthjamb ‘Thermal resistance junction-ambient 





LINE 


RECTIFIER 
CAPACITOR 


N.C. 


BUZZER 


max 


120 
200 


-20 to +70 
-65 to + 150 


100 


°C/W 
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ELECTRICAL CHARACTERISTICS (T.,,, = 25°C unless otherwise specified) 


Ip Current consumption V, = 9.3 to 25V 
without load 
Von Activation voltage LS1240 
S$1240A 


VoOFF Sustaining voltage LS1240 
LS1240A 


Rp Differential resistance in 
OFF condition 
Vout Output voltage swing 


lout Short circuit current LS1240 
LS1240A 





AC OPERATION 









Output frequencies 


fout 1 
fout 2 LS1240 








fout 1 
fout 2 


fout 1 
fout 2 
Sweep frequency Ri = 14KQ C, = 100nF 


Fig. 2- Typical Application for LS1240 Fig. 3- Typical Application for LS1240A 


LS1240A 











S$-9114 





Cz such that |Z; np! > 1K2 
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PRELIMINARY DATA 


ELECTRONIC TWO — TONE RINGER 


@ LOW CURRENT CONSUMPTION, IN ORDER 
TO ALLOW THE PARALLEL OPERATION 
OF A DEVICE 


@ INTEGRATED RECTIFIER BRIDGE WITH 
ZENER DIODES TO PROTECT AGAINST 
OVER VOLTAGES 


@ LITTLE EXTERNAL CIRCUITRY 


@® TONE AND SWITCHING FREQUENCIES 
ADJUSTABLE BY EXTERNAL COM- 
PONENTS 


@ INTEGRATED VOLTAGE AND CURRENT 
HYSTERESIS 


LS1241 is a monolithic integrated circuit designed 
to replace the mechanical bell in telephone sets, in 
connection with an electro acoustical converter. 
The device can drive either directly a piezo 
ceramic converter (buzzer) or a small loud- 


Fig. 1 - Test and Application Circuit 


wo) 
j= 
Az 
~ 
oO 





speaker. In this case a transformer is needed. 
The two tone frequencies generated are switched 
by an output amplifier in the loudspeaker; both 
tone frequencies and the switching frequency 
can be externally adjusted. 

The supply voltage is obtained from the AC 
ring signal and the circuit is designed to that 
noise on the line or variations of the ringing 
signal cannot affect correct operation of the 
device. 


Minidip Plastic 


ORDERING NUMBER: LS1241 






BUZZER 


750 
Cz (nF) 
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ABSOLUTE MAXIMUM RATINGS 





Vas. Calling voltage (f = 50Hz) continuous 90 Vrms 
VaB Calling voltage (f = 50Hz) 1.8s ON/3.6s OFF 130 Vims 
DC Supply current 30 mA 
Top Operating temperature -20 to +70 : 

T stg Storage and junction temperature -65 to + 150 C 


* See test circuit of fig. 1 


CONNECTION DIAGRAM 
(Top view) 





LINE LINE 
RECTIFIER 

ep CAPACITOR 

SWEEP RATE | 3 ice 

CONTROL CAPACITOR a 

OUTPUT FREQUENCY 

CONTROL RESISTOR | 4 BUZZER 

S- 6202 

THERMAL DATA 
Rtnj-amp Thermal resistance junction-ambient max 100 °C/W 





384 





ELECTRICAL CHARACTERISTICS (T.,, = 25°C; Vs = applied between pins 7-2 unless 


otherwise specified) 


B Current consumption Vs = 9 to 25V 
without load 
Von Activation voltage 
D 















| 
R Differential resistance 

in OFF condition 

(pins 8-1) 


VouT Output voltage swing 


Ze 
lout Short circuit current Vs, = 26V 35 mA 
(pins 5-2) 
fout 1 


AC OPERATION 
fout 2 ve may 194 ae KHz 
a 
fout 2 
or 





12.2 
V 








Output frequencies 














4 
2 
2 
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TRANSIENT VOLTAGE SUPPRESSION 


® BREAKOVER VOLTAGE INDEPENDENT 
OF TRANSIENT RISE TIME 


HIGH CURRENT CAPABILITY 

VERY HIGH OFF STATE RESISTANCE 
VERY HIGH ON STATE CONDUCTANCE 
AUTOMATIC RECOVERY 


CHARACTERISTICS LARGELY INDEPEN- 
DENT OF AGEING 


FAILSAFE OPERATION 


@® CAN BE USED ON REMOTE-SUPPLY 
LINES 


The LS5018, LS5060 and LS5120 are bidirec- 
tional transient overvoltage suppressors designed 
to protect sensitive components in electronic 
telephones and telecommunications equipment 
against transients caused by lightning, induction 
from power lines etc. 


Fig. 1 - Voltage-current characteristics 





An ideal replacement for gas discharge tubes, 
these suppressors feature stable characteristics, 
better reliability, lower overall protection cost 
and failsafe operation — if destroyed, they 
become permanent short circuits. Moreover, 
since these devices recover automatically when 
the ON state current falls below a 250mA 
holding current, they may be used on remotely 
supplied lines. 


Minidip Plastic 


ORDERING NUMBERS: LS5018 
LS5060 
LS5120 





AB =OFF - state 
BC=Zener oper, 
DE =ON -state 


S ~ 5222/1 
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ABSOLUTE MAXIMUM RATINGS 





lts Transient current (t,/t. = 1/50 ws pulse see fig. 2a) 500 
(t;/t2 = 1/1000 ps pulse see fig. 2a) 150 

lp Non repetitive peak current (one sine wave 50 Hz, 30 sec 
interval - see fig. 2b) 50 
ln Repetitive peak current (50 Hz, 1 sec - see fig. 2c) 20 
PEnt Total power dissipation at T,,,,)= 50°C (steady state) 1.2 
Top Operating temperature -40 to 70 
Ttgv by Storage and junction temperature -40 to 150 


CONNECTION DIAGRAM 


(top view) 
8 
2 7 
3 6 
4 5 


S-6141 


Fig. 2 - Waveforms 


_ 





S~ 6134 


(a) (b) (c) 
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Ap 
Ap 


°C 
°C 





$-6140 





THERMAL DATA 


Rth j-amp ——«s ermal resistance junction-ambient max 80 °C/W 


ELECTRICAL CHARACTERISTICS (T; = 25°C — see voltage-current characteristics) 
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conditions 





Parameter 








Leakage current Vo = 16V 


- : 
< 
= 
> 


Vo = 50V 


Vo = 100V 


NO 
3 


Vz Zener voltage I, =1mA 


= 
~ 








< 
= 


l7(*) Maximum OFF 
state current mA 
(BC range) 


—_ 
2 
ro) S 





1 IlBo Minimum firing 
current 
Vrao(**) Break over voltage Max 
BO AV/At= 10 KV/usec 
oven | | 
ton > 100 us ok 0.25 


Corr OFF state V=0 150 
capacitance 


(*) These devices are not designed to function as zeners; consequently continuous operation in the BC range of the 
characteristic will damage them. 


(**) Since the firing current, !go, is inversely proportional to the temperature, while the Zener voltage Vz is directly 
proportional, the breakover voltage Vgo is rather independent of temperature. 
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Al,, vs. temperature 

















































































































Fig. 5 - Normalized leakage 


current vs. temperature 
Fig. 11 - AV, vs. tempera- 


ture 
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Fig. 10 - AV, vs. tempera- 


ture 




















Fig. 4 - Normalized leakage 
current vs. temperature 





Fig. 7 - Al,, vs. temperature 
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Normalized leakage 


current vs. temperature 
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Fig. 6 - Al,, vs. temperature 
425 

Fig. 9- AV, vs. temperature 
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DC TEST CIRCUITS 


Fig. 12 - Leakage current Fig. 13 - Zener voltage 





S- 6386 S-6387 


Fig. 14 - Breakover voltage 


ELECTRONIC 
SWITCH 










100 us PULSER 


SWITCH 
(DUTY-CYCLE 1%) 


+ PEAK 
-lpo (WY VOLTMETER 
max 


$-6388 


Fig. 15 - V,, voltage at 1A 


ELECTRONIC 
SWITCH 







100uMsS PULSER 


SWITCH 
(SINGLE PULSE) 


$-6383 
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DC TEST CIRCUITS (continued) 
Fig. 16 - Holding current 


ELECTRONIC 
SWITCH 






100us PULSER 
SWITCH 


(SINGLE PULSE) 
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DYNAMIC TEST CIRCUITS 


Fig. 17 - High voltage pulse test (according to CCITT vol. 1X — Rec. K17) 


DISCHARGE 
SWITCH 15 25n 
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HIGH 
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DYNAMIC TEST CIRCUITS (continued) 


Fig. 18-Upper trace (pulse voltage without Fig. 19 -Upper trace (current pulse in device) 
device) Lower trace (Voltage drop across 
Lower trace (Intervention of LS5120) device) 


1 i i i 
i H i ; es 
fonofeedenegeeapemdeanedes fandeand tafe ieee be aaa a ncforeee 
: a8 


pad 





Time base = 50 us/div. Time base = 50 us/div. 


Fig. 20 - Non repetitive peak current test 
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DYNAMIC TEST CIRCUITS (continued) 


Fig.21-Upper trace (Mains supply used in tests. The intervention of the suppressor is clearly visible) 
Lower trace (Current in the device during operation). 
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Fig. 22 - Repetitive peak current test 
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CIRCUIT DESCRIPTION 


The LS5000 family of transient suppressors are innovative solid state devices designed for crowbar-type 
applications in electronic telephones and telecom equipment. They protect voltage sensitive components 
against overvoltages caused by lightning, induction from power lines and power line short circuits. 


Qualitatively these devices behave like gas discharge tubes — they zero transients, rather than clamping 
them — but they offer a substantial improvement in performance, increased reliability and lower cost. 


Breakover voltage is virtually independent of transient risetime, the off state leakage is very low and the 
characteristics are unaffected by ageing. A further advantage is that LS5000 suppressors are failsafe. 
If they are damaged by an extremely high current peak they become permanent short circuits, providing 
continuing protection and drawing attention to the need for replacement. 


1S5000 series suppressors are bidirectional devices and are connected between the two points to be pro- 
tected. They behave as a virtual open circuit with a very high resistance and low capacitance until the 
voltage across the therminals exceeds the rated breakover voltage. At this point the device fires, be- 
coming a virtual short circuit and handling very high current peaks. 


When the transient has been dissipated and the current falls below the 250 mA holding level, LS5000 
suppressors turn off and return automatically to the normal open circuit state. The relatively high 
holding current level allows these devices to be used on remote-supplied lines such as telephone ex- 
change links. 


The three breakover voltages offered by the LS5000 family are designed to address specific problems in 
electronic telephones and telecom equipment. With a breakover voltage of + 18V, the LS5018 is de- 
signed to protect the integrated circuits in multifrequency tone dialling telephones. It connects across 
the line between the hook switch and the polarity guard bridge (fig. 26). No secondary protection is 
needed. 


For electronic telephones with loop disconnect dialling chips or rotary dials a higher breakover voltage 
is necessary to avoid suppression of the dialling pulses. The + 120V LS5120 is designed for this appli- 
cation and, like the LS5018, connects across the line between the hook switch and the polarity guard 
bridge (figs. 23, 24, 25). 


The + 60V LS5060 is designed for use with the SGS SLIC (fig. 27) and balanced ringer applications. 


Fig. 23 - Protection of an electromechanical bell telephone 
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CIRCUIT DESCRIPTION (continued) 


Fig. 24 - Protection of an electronic ringer telephone 


L$5120 







SPEECH 
CIRCUIT 
SWITCH 
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Fig. 25 - Protection of a discrete component SLIC 






LS5120 


LS5120 
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Fig. 26 - Protection of a DTMF telephone 
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N-CHANNEL 2 x 2 x 2 CROSSPOINT SWITCH 


WITH CONTROL MEMORY 


LOW ON RESISTANCE: 182 
INTERNAL CONTROL LATCHES 
5.5 Vpp ANALOG SIGNAL CAPABILITY 


LESS THAN 1% TOTAL DISTORTION AT 
Odbm 


@ LESS THAN -90db CROSS-TALK AT 
1.6KHz 2Vems 


DESCRIPTION 


The SGS MO79 consists of a 2x2x2 crosspoint 
array and 4 memory cells. Connection between 
two paths is determined by the status of the cor- 
responding memory elements. If the latch is ON 
the paths are connected, if OFF disconnected. 


Every memory configuration can be inputted by 
reading the two D inputs using the two clocks. 
“1"" on D determines the ON status and O the 
OFF status. The clock enters the Data input, 
on the high level. The correspondent switch is 
influenced at once. Data is then latched on 
falling edge of CK input. Thus storage is defined 
when CK goes down (see fig. 6, 7). CK and D 
levels are TTL compatible. The power on reset 
puts the memory elements into OFF status 
disconnecting the switches. 

The M079 is available in 14 pin dual in-line 
plastic and ceramic packages. 


TRUTH TABLE 


Logic Input 
D1 D2 CK1 CK2 








Analog Connections Memory 
Involved Status 


B F 
DIP-14 Plastic DIP-14 Ceramic 


ORDERING NUMBERS: M079B1 
MO79F 1 





PIN CONFIGURATION 


BLOCK DIAGRAM 


Cy. “9 
CK} = AX2 BX2 CK2 
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ABSOLUTE MAXIMUM RATINGS 














Input voltage range (CK1, CK2, D1, D2) 


Vin, Vout | Differential voltage between the two ends of every crosspoint 
in “OFF” status 14 V4 
. ° 
Storage temperature range 


Stresses above those listed under ‘‘Absolute Maximum Ratings’ may causes permanent damage to the device. This is a 
stress ratings only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions to extended 
periods may affect device reliability. 


ELECTRICAL CHARACTERISTICS (Tamp = 25°C, Vop at 12V + 5%, Vee = 3V) 


QN (Cross Talk) Diaphony Attenua- VIN = 2Vrms 1.6KHz 
tion Beetween each couple (Fig. 2) 


QN Longitudinal Attenuation (Fig.3) | VIN = 2Vrems 


RD Differential Impedance VIN = 2Vrms 1.6KHz 
Between AXi and BXi 
(on AYm and BYm) 


RT Total Longitudinal Resistance* (Fig. 3) 


Crosspoint 


CP Attenuation in off Status VIN = 2Vims 1.6K Hz 


A an: Resistance Difference 
2 Related to one CP 
Total Distortion Vin = OdBm 1.6KHz 


ViIN#H Di and CKi High Level Input 


linH Di and CKi High Level Input VCK =2.7V Vp =2.7V 


lint. Di and CKi Low Level Input VCK =0.4V Vp = 0.4V 
Current . 


Ipp Supply Current: 
NO CP “ON” 


1 CP “ON” 
2 CP “ON” 


i. lat Analog Input Leakage Vin =0 to 12V 


Control Logic 


(when switches off) 





* This is the sum of 2-switch resistance: the single switch is tested at 9Q and its typical value is 50 
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AC CHARACTERISTICS (Tamb= 25°C Vop = 12V) 


=[ [-[- 
=| [f= 


Supply voltage must rise in more than 5ms a i i a 












Fig. 2 - Cross Talk Measurement Fig. 3- Equivalent Circuit of an Activated 
Phonic Connection 





vj 
aN = 20log ae = (a8) 
ow 
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Fig. 4- Equivalent Circuit an Unactivated 
Phonic Connection 


Fig. 5- Circuit for Turn-on/Turn-off measure- 
ment. 





Fig. 6 - Switch Turn-on/Turn-off measurement 


t TURN ON t TURN OFF 








Fig. 7 - tset-up/tHoid Measurement 


S-6258/1 
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DIGITAL SWITCHING MATRIX 


256 INPUT AND 256 OUTPUT CHANNEL 
DIGITAL SWITCHING MATRIX 


BUILDING BLOCK DESIGNED FOR LARGE 
CAPACITY ELECTRONIC EXCHANGES, 
SUBSYSTEMS AND PABX 


NO EXTRA PIN NEEDED FOR NOT-BLOCK- 
ING SINGLE STAGE AND HIGHER CA- 
PACITY SYNTHESIS BLOCKS (512 OR 
1024 CHANNELS) 

EUROPEAN TELEPHONE STANDARD COM- 
PATIBLE (32 SERIAL CHANNELS PER 
FRAME) 


PCM INPUTS AND OUTPUTS MUTUALLY 
COMPATIBLE 

ACTUAL INPUT-OUTPUT CHANNEL CON- 
NECTIONS STORED AND MODIFIED VIA 


Main istructions controlled by the micro- 
processor interface 


CHANNEL CONNECTION/DISCONNECTION 
CHANNEL DISCONNECTION 


INSERTION OF A BYTE ON A PCM OUT- 
PUT CHANNEL/DISCONNECTION 


TRANSFER TO THE MICROPROCESSOR 
OF A SINGLE PCM OUTPUT CHANNEL 
SAMPLE 


TRANSFER TO THE MICROPROCESSOR 
OF A SINGLE OUTPUT CHANNEL CON- 
TROL WORD 


TRANSFER TO THE MICROPROCESSOR 
OF A SELECTED 0 CHANNEL PCM INPUT 
DATA 


AN ON CHIP 8-BIT PARALLEL MICRO- 
PROCESSOR INTERFACE 


@ 6 MAIN “FUNCTIONS” OR “INSTRUC- 
TIONS” AVAILABLE 


@ TYPICAL BIT RATE: 2Mbit/s 


@ TYPICAL SYNCHRONIZATION RATE: 8KHz 
(TIME FRAME IS 125ys) 


@ 5V POWER SUPPLY WITH INTERNALLY 
GENERATED BIAS VOLTAGE 

@® MOS & TTL INPUT/OUTPUT LEVELS 
COMPATIBLE 

@® CONSTRUCTED WITH SGS N-CHANNEL 


SILICON GATE HIGH DENSITY MOS 
PROCESS 


DIP-40 Ceramic 


ORDERING NUMBER: M088 D1 





ABSOLUTE MAXIMUM RATINGS 


-0.3 to 7 
-0.3 to 7 
Off state output voltage 7 


Supply voltage 
Input voltage 


Total package power dissipation 1.5 
-65 to 150 
0 to 70 


Storage temperature range 
Operating temperature range 





Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a 
stress rating only and fi'nctional operation of the device at these or anv other conditions above those indicated in the 
operating conditions of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device relia uil‘ty. 
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PIN CONNECTIONS 
















OUTPCM3 {1 40f]) OUTPCM4 
OUTPCM2 [J 2 39]] OUT PCM5 
OuTPCM1 {J 3 38f] OUT PCM6 
OUTPCMO 04 37f] OUT PCM7 
BIAS 5 RD 
CLOCK 6 WR 
SYNC 7 CSi 
INP PCM7 8 CS2 
INP PCM6 9 RESET 
INPPCM5 Vss 
INPPCM4 c/6 
INP PCM3 Al 
INPPCM2 $1 
INPPCM} A2 
INPPCMO $2 
Vec DR 
D7 po 
D6 D1 
D5 D2 
D4 D3 


EXCHANGE NETWORKS APPLICATIONS 


256 PCM links network (160 or 192 DSM): the 32 x 32 link module shown on the next page 


module 7 


32X32 
links 


0 
Moss 31 [> 


$=-5201/1 


2048 PCM links network (1792 or 2048 DSM): the 256 x 256 link network is shown above 


module 0 


module 1 


links links 


je 
[_ ¥ M088 255 
a fy Ss eee 


256X 256 
links 


Mose 255 {> 





$-5203/1 
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EXCHANGE NETWORKS APPLICATIONS (continued) 


Single stage/sixteen devices configuration (32 by 32 links or 1024 channels) 


PCM IN7 to INO 















IN7toINO | IN7 toINO IN7toINO IN7 toINO 






OUT 7 toOUTO 







OUT7 to OUTO OUT7 to OUTO OUT7 toOUTO 








Csi csi $25) Csi 





$2. 31 $2 $1 






PCM INt5 to IN 08 


IN7 to INO IN7 toINO IN7 toINO IN7 toINO 














OUT7 toOUTO QUT7 to OUTO OUT? to OUTO OUT7 to OUTO 


















— 


$2 S$) or) csi 





$2.51 €3i 





$2 SI €S1 





PCM IN23 to IN16 





IN7to INO IN7 to INO IN7to INO IN7 to INO 










OUT7 toOUTO OUT7 to OUTO 








csi tsi 





$2 SI 





$2 








Ss! 





PCMIN 31 toIN24 









IN7 to INO IN7 to INO IN7to INO INT to INO 








OQUT7 to OUTO 


OUT7 to OUTO 








OUT7 to OUTO 












$2 S$! €s1 1 
csi C512 CS13 
©) C) O © O ©) O) O 
PCMOUT 07 to OUT 00 PCM OUTI5toOUT 08 PCMOUT 23to OUTI6 PCMOUT 31 toOUT 24 


$-5200 


i se aaueaene CONNECTIONS RESPECTIVELY TO Voc/ Vs 
COMMON INPUT/OUTPUT PINS: C/0;A1;A2:RD;WR; CS2;07 to DO; RESET; CLOCK: SYNC 
FOUR DIFFERENT CHIP SELECT PINS ARE NEEDED 
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BLOCK DIAGRAM 


2 Mbit /sec internal rate 
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MUX ADDRESS REGISTER 
& DECODER 


OUTPUT BUS 
CONTROL 


CHANNEL 0 
SELECTION 
LOGIC 
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MUX 
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REGISTER 

& DECODER 















CONTROL 
MEMORY 


























8 


REGISTER 
a OR 1 


8 









See ee ee 


OUTPUT RING 


COUNTER 


! PARALLEL / 
| SERIAL 

i CONVERTER 
' OUTPUT 

| LATCHES 

! 


BUFFERS G 


OUTPUT 








7 8 


REGISTER 
OR 2 


8 




















1/0 BUS 
LATCHES 
& DRIVERS 










CONTROL 
LOGIC 






REGISTER 








CK SYNC RESET Al isi |A2 1/2 cS1 (C52 (WR | RD 





1/0 DATA 
SELECTOR 
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RECOMMENDED OPERATING CONDITIONS 





Vec Supply voltage 4.75 to 5.25 V 
V Input voltage 0 to 5.25 V 
Vo Off state output voltage 0 to 5.25 V 
CLOCK freq. Input clock frequency 4.096 MHz 
SYNC freq. Input synchronization frequency 8 KHz 
Top Operating temperature Oto 70 °C 










C, Input capacitance 6 to 15; 26 to 30; 32 to 36 
Cio 1/O capacitance 20 to 24 


Co Output capacitance 1 to 4; 17 to 19; 25; 37 to 40 









D.C. ELECTRICAL CHARACTERISTICS (T,,,,,= 0 to 70°C, Vec= 5V + 5%) 
All D.C. characteristics are valid 250 us after Vcc and clock have been applied. 


ee ce ee 
Vite Clock input low level p68 
Vinc Clock input high level , 


ViL Input low level 







yp 


N 
oO 


i \ 
° N}o 
a Ww w 











Vir 


VoL Output low level 17 to 25 lop = 1.8mMmA 

VoH Output high level lon= 250 vA 
OL 

Ne 


Input high level 


N 
oO 


1 







© 
f 


a 
QO 
OQ 


N 





1to4 
37 to 40 






V PCM output low level lot= 2.0 mA 


Input leakage current Vin=9toVec 















17 to 24 






lot Data bus leakage current 
Vcc applied; pins 35 and 
36 tied to Vcc, after 


device initialization 


lec Supply current p16 Clock freq. = 4.096 MHz 
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A.C. ELECTRICAL CHARACTERISTICS (T.,,= 0 to 70°C, Vec= 5V + 5%) 


All A.C, characteristics are valid 250 us after Vcc and clock have been applied. C,_ is the max. capacitive 
load and R,_ the test pull up resistor. 


CK Clock period 
(clock) Clock low level width 
. Clock high level width 
Rise time 
Fall time 


SYNC Low level setup time 
Low level hold time 
High level setup time 
High level width 


PCM input Setup time 
busses Hold time 


PCM ; Propagation time C,_=50 pf, Rp=2KQ 
output referred to CK low 
busses level 
Propagation time C, = 50 pf, RL=2KQ 
referred to CK high 
level 


Low level setup time 
Low level hold time 
High level setup time 
High level width 


Low level width 150 

High level width tcK 

Repetition interval terep= 40+ 2tcKt see 

between active pulses + tWL(CK) + formula 
+ tR(Ck) 

High level setup time 

to active read strobe 

High level hold time 

from active read strobe 


Rise time 
Fall time 


Low level width 180 
High level width tceK 
Repetition interval trep= 40+ 2 tc, + see 
between active pulses | + twL(ck) + formula 


+ tR(CK) 


High level setup time 
to active write strobe 
High level hold time 
from active write 
strobe 

Rise time 

Fall time 
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A.C. ELECTRICAL CHARACTERISTICS (continued) 


— 










O 
n 


~ 


ts_(GS-WR) Low level setup time | active case 
to WR falling edge 
tHL(CS-WR) Low level hold time 
from WR rising edge 
tsH(CcS-WrR) High level setup time 
to WR falling edge 
THH(CS-WR) High level hold time 
from WR rising edge 
tsL_(€$-RD) Low level setup time 
to RD falling edge 
tHL(ES-RD) . Low level hold time 
from RD rising edge 
tsH(CS-RD) High level setup 
time RD falling edge 
tHH((CS-RD) High level hold time 
from RD rising edge 


2) 
wn 
N 






active case 







inactive case 







inactive case 






active case 











active case 






inactive case 










inactive case 





Setup time to write 
strobe end 


ty (C/D-WR) Hold time from 
write strobe end 
ts(c/D-RD) Setup time to read 


strobe start 
tH(c/D-RD) Hold time from read 
strobe end 












A1,S1, ts(match-WR) Setup time to write 








A2, S2 ____ strobe end 
(match tyy(match-WR) Hold time from 
inputs) strobe end 


ts(match-RD) Setup time to read 
strobe start 

ty(match-RD) Hold time from read 

strobe end 









Low state width instructions 5 and 6 
tpp DR output delay 
from write strobe end 


(active command) 






instruction 5, C, = 50 pf 



























DO to D7 
(interface 
bus) 


ts(BUS-WR) Input setup time to 
write strobe end 

tH (BUS-WR) Input hold time 

from write strobe end 








tpp(BUS) Propagation time 
from (active) falling 
edge of read strobe 
tH Zz (BUS) Propagation time 
from (active) rising 
edge of read strobe 
to high impedance 
state 


| CL= 200 pF 











PCM TIMING, RESET 


CLOCK 





SYNC 


t SL(Sy) 


PCM INPUT BUS 


PCM OUTPUT BUS 


RESET 





Fy WHICK) 


tit (bit 0, time slot 0) waren tE(CK) 


tsH( Sy) 

















| tHL (SY) 
++ ts(PCM) tH(PCM) 
mT 1_, 
tpp(PCM)max 


X 


tSL(RES) 


—__---—-_—_-> 











WRITE OPERATION TIMING 


tSH(RD) 


al 


C51, CS$2 


tsi (CS-WR) 


C/D, Al. A2.$1,S2, 


1/0 INPUT BUS 
_ (DOto 04) 


DR OUTPUT 


i 








$-5197 
triWR) 
eae icatee we: g 
tHH(CS -WR) 
et tH (eS) 
's(c/D-WR) * tH (c/3-WR) 
ts(MATCH_WR) [-— tH( MATCH _WR) 
tw(oR) 
tPo(DR-WR) 
s-~5198/1 
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READ OPERATION TIMING 


$-5199/1 


tWL(RD) 


RO rs 
oe 
tSH(WR) = 
wR ie 


tHH (WR) 


CS! CS2 tsH(CS-RD) 


ts (CS_AD 2 ae 


“ NX 
Te 






'R(RD) 








ts(c/D-RD) 


Aj=9S) 
aaa 
'S(MATCH-RD) ee ; 
k—»t— 'po(pus) |, H2(BUS) 


GENERAL DESCRIPTION 


The M088 is intended for large telephone switching systems, mainly central exchanges, digital line con- 
centrators and private branch exchanges where a distributed microcomputer control approach is exten- 
sively used. It consists of a speech memory (SM), a control memory (CM), a serial/parallel and a parailel/ 
serial converter, an internal parallel bus, an interface (8 data lines, 11 control signals) and dedicated con- 
trol logic. By means of repeated clock division two timebases are generated. These are preset from an 
external synchronisation signal to two specific count numbers so that sequential scanning of the bases give 
synchronous addresses to the memories and I/O channel controls. Different preset count numbers are 
needed because of processing delays and data path direction. The timebase for the input channels is 
delayed and the timebase for output channels is advanced with respect to the actual time. Each serial 
PCM input channel is converted to parallel data and stored in the speech memory at the beginning of 
any new time slot (according to first timebase) in the location determined by input pin number and time 
slot number. The control memory CM maintains the correspondences between input and output channels. 
More exactly, for any output pin/output channel combination the control memory gives either the full 
address of the speech memory location involved in the PCM transfer or an 8-bit word to be supplied to 
the parallel/serial output converter. A 9th bit at each CM location defines the data source for output 
links, low for SM, high for CM. 

The late timebase is used to scan the output channels and to determine the pins to be serviced within 
each channel; enough idle cycles are left to the microprocessor for asynchronous instruction processing. 
Two 8-bit registers OR1 and OR2 supply feedback data for control or diagnostic purposes; OR1 comes 
from internal bus i.e. from memories, OR2 gives an opcode copy and additional data to the micro- 
computer. A four byte-five bit stack register and an instruction register, under microcomputer control, 
store input data available at the interface. 

Dedicated logic, under control of the microprocessor interface, extracts the 0 channel content of any 
selected PCM input bus, using spare cycles of SM. 


tH(C/0-RD) 


tH MATCH-RD) 

















PIN DESCRIPTION 


D7 to DO (pins 17 to 24) 


Data bus pins. The bidirectional bus is used to transfer data and instructions to/from the microprocessor. 
DO is the least significant digit. The output bus is 8 bits wide; input is only 5 bits wide. 

The bus is tristate and cannot be used while RESET is held low. 

The meaning of input data, such as bus or channel numbers, and of expected output data is specified in 
detail by the instruction description. 


C/D (pin 30) _ 
Input control pin, select pin. In a write operation C/D = O qualifies any bus content as data, while 
C/D = 1 qualifies it as an opcode. In a read operation OR1 is selected by C/D = 0, OR2 by C/D = 1. 


A1, $1, A2, S2 (pins 26 to 29) 

Address select or match pins. In a multi-chip configuration (e.g. a single stage matrix expansion), using 
the same CS pins, the match condition (A1 = S1 and A2 = S2) leaves the command instruction as 
defined; on the contrary the mismatch condition modifies the execution as follows: instructions 1 and 3 
are reversed to channel disconnection, instruction 5 is unaffected, instructions 2-4-6 are cancelled (not 
executed). 

Bus reading takes place only on match condition, instruction flow is in any case affected. 

Each pins couple is commutative: in a multichip configuration pins S1 and S2 give a hard-wired address 
selection for individual matrixes, while in single configuration $1 and A1 or S2 and A2 are normally 
tied together. 


CS1, CS2 (pins 33, 34) 

Commutative chip select pins. They enable the device to perform valid read/write operations (active low). 
Two pins allow row/column selection with different types of microprocessors; normally one is tied to 
ground. 


WR (pin 35) 
Pin WR, when CS1 and CS2 are low, enables data transfer from microprocessor to the device. Data or 
opcode and controls are latched on WR rising edge. Because of internal clock resynchronization one 
single additional requirement is recommended in order to produce a simultaneous instruction execution 
in a multichip configuration: WR rising edge has to be 20 to 20 + twiicx) nsec late relative to clock 
falling edge. 


RD (pin 36) 

When CS7 and CS2 are low and match condition exists, a low level on RD enables a register OR1 or OR2 
read operation, through the bidirectional bus. _ 

In addition, the rising edge of RD latches C/D and the match condition pins in order to direct the in- 
ternal flow of operations. Because of internal clock resynchronization, one single additional requirement 
is recommended in order to produce a simultaneous instruction flow in a multichip configuration: the 
RD rising edge has to be 20 to 20 + twicck) nsec late relative to clock falling edge. 


DR (pin 25) 
Data ready. Normally high, DR output pin goes low to tell the microprocessor that: 


a) the instruction code was found to be invalid; 


b) executing instruction 5 an active output channel was found in the whole matrix array, that isa CM 
word not all ‘‘ones’’ was found in a configuration of devices sharing the same CS pins; 


c) executing instruction 6 “0 channel extraction’’ took place and OR2 was loaded with total number of 
messages inserted on O time slot. 


DR is active about two clock cycles in case b and c; in case a it is left low until a valid instruction code | is 
supplied. 
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PIN DESCRIPTION (continued) 


RESET (pin 32) 


RESET control pin is normally used at the very beginning to inizialize the device or the network. Any 
logical status is reset and CM is set to all ‘‘ones” after RESET going low. 7 

The internal initialization routine takes one time frame whatever the RESET width on low level (mini- 
mum one cycle roughly), but it is repeated an integer number of time frames as long as RESET is found 
low during O time slot. 

Initialization pulls the interface bus immediately to a high impedance state. After the CM has been set 
to all ““ones”” the PCM output channels are also set to high impedance state (that is pulled to “ones’’). 


CLOCK (pin 6) 
Input master clock. Typical frequency is 4.096 MHz. First division gives an internal clock controlling 
the input and output channels bit rate. 


SYNC (pin 7) 

Input synchronization signal is active low. Typical frequency is 8 kHz. 

Internal time bases are forced by synchronism to an assigned count number in order to restore channels 
and bit sequential addressing to a known state. Count difference between the bases is 32, corresponding 
to two time slots, that is the minimum PCM propagation time, or latency time. 


INP PCM 7 to INP PCM 0 (pins 8 to 15) 
PCM input busses or pins; they accept a standard 2 Mbit/s rate. Bit 1 (sign bit) is the first of the serial 
sequence; in a parallel conversion it is left adjusted as the most significant digit. 


OUT PCM 7 to OUT PCM 0 (pins 37 to 40 and 1 to 4) 


PCM output busses or pins; bit rate and organization are the same as input pins. 

Output buffers are open drain type in order to simplify wired-or connections and minimize current 
spike problems in multichip configuration systems. 

The-device drives the output channels theoretically one bit time before input channels are needed by 
specifications: this feature allows inputs and outputs to be tied together cancelling any analog delay of 
digital outputs up to 


tpbEL max tbit — tpo(PcM)max * tpp(PCM)min 


BIAS (pin5) 


Internally generated bias voltage (-2.5 to -3.0V for Vcc in the operating range). A max. 220 pf capa- 
citor connected to pin 5 provides improved filtering. 


MIXED RD & WR OPERATIONS 


In principle RD and WR operations are allowed in any order within specification constraints. 

In practive, only one control pin is low at_any given time when CS$1 and CS2 are enabled. 

If by mistake or hardware failure both RD and WR pins are low, the interface bus is internally pushed to 
tristate condition as long as WR is held low and input registers are protected. 

Registers OR1 and OR2 can be read in any order with a single RD strobe using C/D as multiplexing 
control; never the less this procedure is not recommended because the device is directed for instruction 
flow only according to data latched by RD rising edge. 

Multiple RD operations of the same kind are allowed without affecting the instruction flow: only ‘‘new” 
OR1 or OR2 read operations step the flow. 

Input and output registers are held for sure in the previous state for the first 3 cycles following an 
opcode or an OR2 read. 











FUNCTIONAL DESCRIPTION OF SPECIFIC MICROPROCESSOR OPERATIONS 
The device, under microprocessor control, performs the following instructions: 


CHANNEL CONNECTION/DISCONNECTION 
CHANNEL DISCONNECTION 
INSERTION OF A BYTE ON A PCM OUTPUT CHANNEL/CHANNEL DISCONNECTION) 
TRANSFER OF A SINGLE PCM OUTPUT CHANNEL SAMPLE 
TRANSFER OF A SINGLE OUTPUT CHANNEL CONTROL WORD 

TRANSFER OF A SELECTED 0 CHANNEL PCM INPUT DATA ACCORDING TO AN 8-BIT 
MASK PREVIOUSLY STORED IN THE “EXPECTED MESSAGES” REGISTER. 


Ooh WN — 


The instruction flow is as follows. 


Any input protocol is started by the microprocessor interface loading the internal stack register with 2 
bytes (4 bytes for instructions 1 and 3) qualified as data bytes by C/D = 0 and a specific opcode quali- 
fied by C/D = 1 (match condition is normally needed). 


After the code is loaded in the instruction register it is immediately checked to see whether it is accep- 
table and if not it is rejected. If accepted the instruction is also processed as regards match condition and 
is appended for execution during the memories’ spare cycles. 


Four cases are possible: 


a) the code is not valid; execution cannot take place, the DR output pin is reset to indicate the error; 
all registers are saved; 

b) the code is valid for types 2, 4 and 6 but it is unmatched; execution cannot take place, DR is not 
affected. 

c) the code is valid for types 1 and 3 and it is unmatched; the instruction is interpreted as a channel 
disconnection. 

d) the code is valid and is either matched or of type 5; the instruction is processed as received. 


Validation control takes only two cycles out of a total execution time of 5 to 13 cycles; the last oper- 
ation is updating of the content of registers OR1 and OR2. 


During a very long internal operation (device initialization after RESET going high or execution of 
instruction 6) a new set of data bytes with a valid opcode is accepted while a wrong code is rejected. 
At the end of the current routine execution takes place in the same way as described before. 


At the end of an instruction it is normally recommended to read one or both registers. To enable instruc- 
tion 6, however, it is necessary to read register OR2. This is because instruction 6, used between other 
short instructions of type 1 to 5, must have a lower priority and can be enabled only after the short 
instructions have been completed. Instruction 6 normally has a long process and a special flow which is 
described below. 

First a not-all-zero mask is stored in the ‘‘expected messages”’ register and in another “background” 
register. This operation starts the second phase of instruction 6 which is called ‘channel O extraction” 
and is repeated at the beginning of any new time frame. At the beginning of the time frame a new 
copy of activated channels to be extracted is made from the “‘background register’’ and put in the 
“expected messages”’ register. In addition the latter register is modified to indicate the exact number of 
messages that have arrived. The term messages covers any input O channel data with starting sequence 
different from the label 01. So using this label the number of expected messages can be reduced to cor- 
respond to the number of effective messages. If and only if the residual number is different from zero 
will the device start the extraction protocol at the end of the current routine. 

The procedure is as follows: the DR output is pulsed low as a two cycle interrupt request and OR2 is 
loaded with the total number of active channels to be extracted. 


LC LL LC CC A CETERA STS Aer ar ce nt ernnnaeserennesenreshsienras sent 
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FUNCTIONAL DESCRIPTION (continued) 


The transfer of OR2 content to the microprocessor continues the extraction which consists of repeated 
steps of OR1 and OR2 loading, indicating respectively the message and the incoming bus number. 
Reading the registers in the order OR1, OR2 must be continued until completion or until the time frame 
runs out. 

With a new time frame a new extraction process begins, resuming the copy operation from the back- 
ground register. 


During extraction the active channels are scanned from the highest to the lowest number (fram 7 to 0). 
While extraction is being carried out the time interval requirements between active rising edges of RD 
are minimum 5 to 13 tc, for sequence OR2 - OR1 and minimum 3 times tc, for sequence OR1 - OR2. 
More details are given in the following tables. 


INSTRUCTION TABLES 


The most significant digits of OR2 A7, A6, Ad are a copy of the PCM selected output bus; the least 
significant digits of OR2 are the opcode, C8 is the control bit. In any case parentheses ( ) define actual 
register content. 


INSTRUCTION 1: CHANNEL CONNECTION/DISCONNECTION 





CONTROL SIGNALS DATA BUS 
oo. ates Ces poe NOTES 
match C/D CS WR RD D7 D6 D5 D4 D3 D2 D1 DO 

x 0 0 0 1 Xx XxX X X X~ Bi2 Bil Bio 18t gata byte: selected input bus 

x 0 Oo oO 1 X Ci4 Ci3 Ci2 Ci1 Cio 29d data byte: selected input 
channel 

Xx 0 0 0 1 X X_ Bo2 Bol Boo 3°d data byte: selected output 
bus 

x 0 0 0) 1 X Co4 Co3 Co2 Co1 Coo 4th data byte: selected output 
channel 


yes/no 1 0 0 1 instruction opcode 





yes 0 0 1 0 | C7 C6 C5 C4 C3 C2 Ci CO OR1: CM content copy, that is 
(1 1 1 1 1 1 1 1) for mismatch condition 
(Bi2 Bit Bio Cia Ci3 Ci2 Ci1 Cio) for match condition 


yes 1 0 1 0 A7 AB AS C8 0 OR2: that is 
(Bo2 Boi Boo 1 0 for mismatch condition 
(Bo2 Bot Boo 0 O for match condition 











match 


yes 


yes 


yes 


c/D cS 
0 0 
0 0 
1 0 
0 0 
1 0 


CONTROL SIGNALS 


WR 


RD 


DATA BUS 


D7 D6 D5 D4 D3 D2 


Boi Boo 


X XX Coa Co3 Co2 Col Coo 





A7 A6 AS 1 


(Bo2 Bo1 Boo 1 





NOTES 


18t data byte: selected output bus 


2nd gata byte: selected output 
channel 


instruction opcode 


OR1: CM content copy 
(output channel is inactive) 


OR2: that is 


INSTRUCTION 3: LOADING A MICROPROCESSOR BYTE 


match 


yes/no 


yes 


yes 


c/D CS 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
1 0 


CONTROL SIGNALS 


WR 


RD 


DATA BUS 


D5 D4 D3 D2 D1 DO 


Ci7 Cie Cis 


Cia Ci3 Ci2 Ci1l Cio 


Bo2 Boo Bol 


Co2 Coi Coo 





C5 C4 C3 C2 C1 CO 
1 1 1 1 1 1) 


Cis Cia Ci3 Ci2 Ci1 Cio) 





(Bo2 Boi Boo 1 0. 614 0 QO) 


NOTES 


18t data byte: most significant 
digits to be inserted 


214 gata byte: least significant 
digits to be inserted 


3'4 data byte: selected output 
bus 


4th data byte: selected output 
channel 


instruction opcode 


OR1: CM content copy, that is 
for mis match condition 
for match condition 


OR2: that is 





INSTRUCTION 4: TRANSFER OF A SINGLE PCM SAMPLE 








CONTROL SIGNALS DATA BUS 
ee _ . NOTES 
match C/D CS WR RD D7 D6 D5 D4 D3 D2 D1 DO 
X 0 0 0 1 X %W% X X XX _ Bo2 Boi Boo 18t gata byte: selected output bus 
Xx 0 0 0 1 X Co4 Co3 Co2 Co1i Coo 2nd data byte: selected output 
channel 
yes 1 0 0 1 Xx KX xX xX 1 0 1 1 instruction opcode 
yes 0 0 1 0 C7 C6 C5 C4 C3 C2 Cl OR1: CM content copy if C8 = 1; 
or 
$7 S6 $5 $3. $2 $1 SM content sample if C8=0 
yes 1 0 1 0 A7 A6 A5 OR2: that is 


(Bo2 Boi Boo 





Note: $S7...S0 isa parallel copy of a PCM data, S7 is the most significant digit and the first of the sequence. 


INSTRUCTION 5: TRANSFER OF AN OUTPUT CHANNEL CONTROL WORD 








CONTROL SIGNALS DATA BUS 
ine Mee ug es NOTES 
match C/D cS WR R D7 D6 D5 D4 D3 D2 D1 DO 
Xx ) 0) 0 1 X -% X X X_~ Bo2 Boi Boo 18€ data byte: selected output bus 
X 0 0 0 1 2d data byte: selected output 
channel 

X 1 0 0 1 X MWR RK XK 1 0 0 0 instruction opcode 
yes 0 0 1 0 C7 C6 C5 C4 C3 C2 C1 CO OR1: selected CM word copy 
yes 1 0 1. 0 A7 A6 AS5 C8 1 0 0 0 OR2: that is 


(Bo2 Boi Boo C8 1 0 oO O) 
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INSTRUCTION 6: CHANNEL O SELECTION MASK STORE/DATA TRANSFER 


match c/D CS WR RD 


X 


Xx 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


Notes: 


1) 
2) 
3) 
4) 


5) 


6) 


CONTROL SIGNALS 








DATA BUS 
NOTES 


D7 D6 DS D4 D3 D2 D1 DO 


0 0 0 1 X Mi7 Mie Mis 18t data byte: most sign. digits of 


selection mask 


8) 0 0 1 27d data byte: least sign. digits of 


selection mask 


1 0 0 1 X XK xX Xx 1 1 1 0 instruction opcode 


MASK STORE CONTROL 


1 0 1 0 N2 Ni NO Tn 1 1 1 O OR2: see below 


FIRST DATA TRANSFER (after DR going low) 


1 0 1 0 N2 N1 NO Tn 1 1 1 0 OR2: see below 


REPEATED DATA TRANSFER (after first OR2 transfer) 


0 0 1 0 S7 S6 S5 S4 $3 S2 S1 SO OR1: expected message stored in 
SM 
1 0 1 0 P2 Pi PO Fn 1 1 1 0 OR2: see below 


About mask bits Mi0 to Mi7 a logic ’’0’’ level means disabling condition, a logic ‘1’ level means enabling 
condition. 

A null mask or a RESET pulse clear the mask and the deep background mask registers and disable channel 0 
extraction function. 

Reading of OR2 is optional after mask store or redefinition, because function is activated only by not-null 
mask writing. 

After mask store (N2 N1 NO)is the sum of activated channels,after DR is the sum of active channels; Tn= 1/0 
means activation/suppression of the function after store while after DR only Tn= 1 can appear to tell a 
not-null configuration to be extracted. 

Reading of OR2 is imperative after DR in order to step the data transfer; reading of OR1 is also needed to 
scan in descending order the priority register. Relevant messages only are considered, that means only mes- 
sages with a MSD label different from 0 1. 

(P2 P1 PO) is the PCM bus on which the message copied in OR1 was found; Fn is a continuation bit telling 
respectively on level 1/0 for any more/no more extraction to be performed. 


Xx X XX Mi4 Miz Miz Mii Mio 
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® 


2x8 CROSSPOINT MATRIX 


@ VERY LOW ON RESISTANCE 


@ HIGH CROSS-TALK AND OFF-STATE 
ISOLATION 


@ SERIAL SWITCH ADDRESSING, yu-PRO- 
CESSOR COMPATIBLE 


DESCRIPTION 

The M089 is a 2x8 crosspoint matrix consisting 
of 16 N-channel MOS transistors. 

The device has been specially designed to provide 
switches with low cross-talk, high off-state iso- 
lation (both better than -90dB) and low on- 
resistance. 


LOGIC DIAGRAM 


T stg Storage temperature range 





Operating temperature range : for plastic 
for ceramic 









Ceramic Frit-seal 
Ceramic Metal-seal 


Plastic 





ORDERING NUMBERS: MO89 B1 
MO89 F1 
Mosg D1 


PIN CONFIGURATION 


“C 
C 
C 


° 


-65 to 150 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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BLOCK DIAGRAM 


L/29€E-S 








Y32S193Y LAIHS 





OA Q 


4300950 8301 


| XIMLVW | 930 


f 401 


Viva 


jo |i 
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CIRCUIT DESCRIPTION 


The M089 is capable of forming any combination 
of switch conditions in an 8x2 matrix. Each 
switch is individually set and a latch maintains 
it in its set condition. 

The switch address and control bits are loaded 
serially into an internal shift register (5 bit for 
M089, when inputs E,, and Es are low. The 
address bits consist of: 3 input selection bits 
(Xo-X2) and a single output selection bit (Yo). 
A fifth (control) bit (D) defines whether the 
chosen switch is to be opened or closed. 

During normal selection the R bit must be a 1. 


LO | Yo | Xe | Xs | Xe | 


MO89 Shift Register Bit Allocation 


Data bits are clocked into the shift register on 
the high to low transition of the clock input 
(CP). If more than 5 clock transmission are 
applied during loading of the shift register the 
last 5 data bits are loaded into it. The status 
of the switch addressed changes on the low to 
high transition of one or both enable inputs. 











ENABLE INPUTS TRUTH TABLE 


FUNCTION 


Data Load 


addressed 
switch 
changed 


DATA BIT TRUTH TABLE 








Switch status 
after enable transition 


| eiconnact 


DATA BITS TRUTH TABLE FOR SWITCH SELECTION 


071 
Yo X2 X1 Xo 





IN A 1111 1011 
IN B 0111 0011 


the code: 





1101 1001 
0101 0001 


For example to address the switch connecting IN 
A to Os the shift register must be loaded with 





1010 1100 1000 
0010 0100 0000 
D Yo Xo X1 Xo 


11110 
01110 





to connect 









to disconnect 





ELECTRICAL CHARACTERISTICS (Tamp = 0 to 70°C for M089 B1; -40 to 70°C for M089 
F1,D1; Vobp = 14V to 16V unless otherwise specified) 















Parameter 


Sa TO and Ld 


V; (A, B)> 3.5V 
Vpp= 14V lD(min)= 10mA 


ON-resistance 








ON-resistance variation in 
any package 


Supply current 





Input leakage pins 4,5 


12,13 











Via, Vip= 4.5V 
Vol. Vog= 1.5V 








pins 1,9 





Via, Vip= 6V 
Voi, Vog= 1.5V 


call 02 
‘ LA 
Via. Vip= 1.5V 
yore Ke 6V 
Via, Vip= 1.5V 


Lag time 


Write time 






Output leakage 








pins 2,6, 7 
8, 10, 14 
15,16 


All inputs 














See fig. 5 


See fig. 6 for M089 


Clock pulse width 


* 


See fig. 1 and 2 for Ron variation with temperature and Vejps. 
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Fig. 1 - Ron derating vs. temperature typ. 














Peleg 
es Ses ee 
Se eae Sees 
eae eee eee ee 
Sea Seer aes 
ie nee oe eee 
SEnp~eREREEE 
eee eeee 
ytd Jedd feet 
tot titi 


- 40 -20 20 40 


T (°C) 


TEST CIRCUITS 


Fig. 3 - Ron Measurement 


_—_—_— 


ANY 





SWITCH [ 
| ON 
I Vj235V AV 
Seca 
ON“ 10mA $-3823 


Fig. 5 - Off isolation measurement 


VIN cams) any: “OFF” |(RMS) Vout 
SWITCH 
6001. 600N 
1VRMS 
3KHz 
25VDC 25VDC » 
lo= 20106 (yout tae 
IN 
S-3364 





Fig. 2 - Ron derating vs. Veins. 


- 4090 


| et a 
ele eer we Lae 
ae sees eeee 
See eer ee 

alee 3) 







0 2 4 6 8 10 Vaias(¥) 
Fig. 4 - Crosstalk measurements 
eet INTEGRATED CIRCUIT 
VIN (RMS) ath. wana eee es ae (RMS) Yout 
FONE: ‘ON” | ANY OTHER. 
i SWITCH LON’ ‘SWITCH | 
6001 600.1 600 600. 
1VRMS 
3 KHz 
T 25 VDC 25VDC T T 25VDC “ 
CT=20 10 (PUT Our | 5 -3363 
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TIMING DIAGRAMS 


Fig. 6 


CLOCK CP 


ENABLE E12 


DATA 


SWITCH PATH 


$-3365/2 





Se 


DATA LOADING 








PREVIOUS STATUS 





SHIFT REGISTER ENABLED 
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nan ene nr ty gmat ti 


| NEW STATUS 





N-CHANNEL 12 x 8 CROSSPOINT SWITCH 
WITH CONTROL MEMORY 


@ LOW ON RESISTANCE (TYP. 352 AT 
Vop = 14V) 


@ INTERNAL CONTROL LATCHES 
2 Vpp ANALOG SIGNAL CAPABILITY 


@® LESS THAN 1% TOTAL DISTORTION B 
AT OdBm DIP-40 Plastic 


@® LESS THAN -95dB CROSS-TALK AT 
1KHz 1Vpp 


Cc 
Plastic Chip Carrier 


ORDERING NUMBER: MO093B 
MO093C 


The SGS M093 contains a 12x8 array of cross- 
point together with a 7 to 96 line decoder and 
latch circuits. Anyone of the 96 switches can be 
addressed by selecting the appropriate 7 input 
bits. The selected switch can be turned on or 
off by applying a logical one or zero to the data 
in and the strobe input at logical one. A reset 
signal can be used to turn off all the switches 
together when is switched at logical one. 

The M093 is available in a 40 lead dual in-line 
plastic, or 44 lead plastic chip carrier packages. 
Logic inputs are TTL compatible. 


BLOCK DIAGRAM 


STROBE 
Oo 





X1 INPUTS (1:0-11) 


— 
i} 
J 
< 
” 
% 
Ww 
« 
ral 
a 
4 


a a a a 


7 TO96 DECODER 
LATCHES 


Yi INPUTS (1:0-7) 
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PIN CONFIGURATION 





$-8593 














THRUTH TABLE 











Address 
Connections 





0 0 0 0 0 0 0 XO -YO 

1 @] 0 0 0 O 0 X1 -YO 

0 1 0 0 0 0 0 X2 -YO 

1 1 0 0 0 0 0 X3 -YO 

: 9 | 0 9 0 0 XB _YO 
30 1 1 0 | 0 0 0 no connection 
| L1 1 1 0 0 @) 0 no connection 
S| 0 0 0 1 0 0) Q X6 -YO 
ol 1 @] 0] 1 OQ 0 0 X7 -YO 
5| O 1 0 1 0 0 0 X8 -YO 
c| 1 1 0 1 0 0 0 x9 -YO 
i 3 ee ee ee ee 
IS 0 1 1 1 0 0 0 no connection 
o 1 1 1 1 0 0 0 no connection 

0 0 0 0 1 0 0 XO -Y1 

1 t 1 + 1 1 1 1 1 

1 0 1 1 1 0 0 X11-Y1- 

? : ? | : aa 

1 0 1 1 1 0 X11-Y2 

0 0 0 0 1 0 XO -Y3 

y 1 1 J iF 1 4 1 

1 0 1 1 1 0 X11-Y3 

0 0 0 0 XO - Y4 

1 1 1 1 1 1 

1 0 1 1 

0 0 0 0 

1 1 1 { 

1 0 1 1 

0 0 0 0 

4 + + + 

1 0 1 1 

0 0 0 0 

4 ) J 1 

1 0 1 1 


=< | ac ee 


le 





ABSOLUTE MAXIMUM RATINGS 


Parameter Value 


DC Supply Voltage 


Input Voltage Range 


Paine DC Input Current (Analog Input) 


Power Dissipation 


Operating Temperature Range 


Storage Temperature Range -50 to 125 


Stresses in excess of those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 
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RECOMMENDED OPERATING CONDITION 










Supply voltage 
Top Operating Temperature 
(Logic signal) 


0 to70 °C 





STATIC ELECTRICAL CHARACTERISTICS (Timp =0 to 70°C, Vpp = 14V) 


ee Ce 


CROSSPOINT 


Off Leakage * All switches off Vos=Vis = 90to Vpp 


CONTROLS 
















Input Leakage * Vin = 0 to Vpp 


* There limits are valid on the total temperature range: 0-70° C at 25°C these limits become +100nA. 


DYNAMIC ELECTRICAL CHARACTERISTICS (Tam, = 25°C, C, = 50pF all input 


square wave rise and fall times = 20ns, Vpp = 14V) 





Parameter 
fj Rt | Vis |Vpc 
(KHz) | (KS) |(Vpp)| (V) Typ. 


CROSSPOINTS 


t ,tPLH Propagation delay time 
Paes (Switch ON) signal input 
to output 


Frequency response 
(Any switch ON) 
(20 log (Vos/Vis) = -3dB 


Feedthrough 
(All switches OFF) 


Frequency for signal crosstalk 
Attenuation of 40dB 
Attenuation of 110dB 


Capacitance 

Xn to ground 
Yn to ground 
Feedthrough 


Capacitance 
Logic input to ground 








DYNAMIC ELECTRICAL CHARACTERISTICS (continued) 


Parameter 


CONTROLS 


tPSN 


tpZH 
tPpAN 


tpsF 


tPZL 


tPAF 


Set-Up time 
Data-In to Strobe 


Hold time 

Data-In to Strobe 
tas Set-Up time 

‘Data-in to Address 

Hold time 

Data-In to Address 

Switching frequency 


tw 


Reset Pulse Width 


| teraz Reset Turn-OFF Delay 


Propagation delay time 


Strobe to Output 
(Switch Turn-ON) 


Data-In to Output 


(Turn-ON to High Level) 


Address to Output 


(Turn-ON to High Level) 


Propagation delay time 
Strobe to Output 
(Switch Turn-OFF) 


Data-In to Output 


(Turn-ON to Low Level) 


Address to aia 
(Turn-OFF) 


Strobe Pulse Width 
Control crosstalk 


Data-In, Address, 
or Strobe to one 


Reset Turn-OFF | teraz Reset Turn-OFF Delay 


Test Conditions 


R= 1KQ C,_ = 50pF 
ty, te = 20ns 





Square wave Vin =3V 
input 
ty, tp = 20ns Ry, = 10KQ 





=1KQ C, = 50pF 14V 
Ne t¢ = 20ns 


i aoe ae 
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TEST CIRCUITS 


Fig. 1 - Ron Measurement 








= at 
| Vj 76,75V AV=0.25V il Vo=65V 
a 

ON Ton $-3823/1 


Fig. 3 - Off isolation measurement (Feed through) 


Vis cams) any “OFF” U(RMS) Vos 


SWITCH 
ee ae 


507. TKN 


0.7VRMS 
1OKHZ 


+ + 


5 VDC 5VDC 





Vv 
lo=20 Loo (G2 Jap 
Is 


S- 3364/1 


Fig. 4 - Crosstalk measurements 





Fig. 2 - Propagation delay time and waveforms 
(signal input to signal output, switch 
ON) 


Vis Vos 









50 pF 


SW=ANY CROSSPOINT S-5208/1 


STROBE =DATA-IN=Vop 





$-5209 


SAME INTEGRATED CIRCUIT 


VIS (RMS) abe 
SWITCH 
L aan a==s «== J 


50n. 1K A. 






0.7=V(RMS) 
1KHzZ 


fee eee 


“T V 
ANY OTHER (RMS) "OUT 


“ON “SWITCH 


TKD. KN 


Vos 
CT=20 L0G ( vis Jap S -3363/1 
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Fig. 5- Propagation delay time and waveforms (strobe to signal output, switch Turn-ON or Turn-OFF 





Yop 

STROBE 
0 

DATA IN 
O 

Yop 

DATA IN 
0 

V 

S0pF DD 

Vos 
SW=ANY CROSSPOINT 0 


S$-523311 





Fig. 6 - Propagation delay time and waveforms (data-in signal output, switch Turn-ON to high or low 











level) 
DATA IN 

5 Yop Yop 

DATA IN DATA IN 
0 0 

Yop == ‘ops= 

SW=ANY CROSSPOINT Vos = 

STROBE =Vpp ae P 


$-5214 


Fig. 7 - Propagation delay time and waveforms (address to signal output switch Turn-ON or Turn-OFF) 
Yop 
ADDRESS 50% 50°. 50% 
0 —e 


tas 
ADDRESS=0 ADDRESS ="1 
C) © 


V 
Yop op 






DATA IN 





Vis 





tPaAF t PAN 


5OpF 





90 lo 


SW=ANY CROSSPOINT 
STROBE =Vpp 





10% 
t PAN teZH 


Yoo 


W%. 10 “fe 


0. S_5215/1 
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Fig. 8 - Waveforms for crosstalk (control input to signal output) 


CONTROLS 


3V 
CONTROL | | | | | 
2 , 
50 mV —— 
Vos os a 
-50mV —— 


$-5210 $-521 





SW=ANY CROSSPOINT 


Fig. 9 - Propagation delay time and waveforms (Reset to Output Delay) 


Yoo 
DATA IN DATA IN / 
© —0 


Yos 


KN 


O 
RESET 


SW=ANY CROSSPOINT 
STROBE=Vpnp $-8631 





NOTE: Data latch can be performed either by the strobe falling edge a by the address change (with strobe at high level). 
Advised operation is to move data/address with strobe input at 0, then latching with a strobe pulse. 
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Typical ON Resistance vs. Typical ON Resistance vs. Typical Crosstalk between 
Vpp Vpp two CROSS-POINT vs. Input 
Frequency , 


1 
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a ibeed al is 
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Typical ON Resistance vs. 


Typical Maximum lIpp vs. | 
Temperature | 


Vop 


Ey ated ina) 
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Typical Maximum Ipp vs. BANDWIDTH Insertion Loss Typical Crosstalk Switches 
Temperature vs. Frequency a vs. Signal Frequency 


G-5941 









































































































































































































0 10 20 30 40 50 60 70 80 Tamp(°C) fy (KHz) 
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Crosstalk vs. Power Supply Pin Dependence Viy and 
at Every Switch 









































7 8 9 10 1 12 13 14 15 VoolY) ADDRESS RESET DATA LOAD (Pins) 
Typycal Vy, and Vy vs. Typical Vit vs. Vop 
Temperature 


G-5947 





G-5949 
Volts 
SSSEaam eae ee 
Bad ; Seae es 
24 : ar . 













































































Pr ee 6 
19 LL | 19 
Pose ees Petts Lt 
Feces ke a Pa 18 
Cry Cs ed OD a 17 
a 25 700 TampC) 7 8 9 0 N 12 13° % 18  Vpotv) 
Typical Vin vs. Vop Typical Vin vs. Vpp 
G-595t 

























































































7 8 9 10 MW 12 13 1% 15 Vol) 7 8 9 0:1 12 13 % 15 Vpptv) 
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Pin Dependance Vi, and 
Vin 


G-5946 





















































ADDRESS RESET DATA LOAD (Pins) 


Typical Vin VS. Vop 






































7 8 9 0 11 12 13 16 15 VC) 
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ADVANCE DATA 


PCM CONFERENCE CALL AND ATTENUATION / NOISE 


Se eon CIRCUIT 


32 MAXIMUM CONFERENCED CHANNELS 
IN ANY COMBINATION FROM 10 CON- 
FERENCES OF 3 CHANNELS TO 1 CON- 
FERENCE OF 32 CHANNELS 


@® 3 TO 32 SERIAL CHANNELS PER FRAME 
(CONTROLLED BY SYNC SIGNAL PERIOD) 


@ TWO OPERATION MODES AVAILABLE 
(CONFERENCE AND TRANSPARENT 
MODES) 


@ TYPICAL BIT RATES: 1536/1544/2048 
Kbit/s 


@ COMPATIBLE WITH ALL KINDS OF PCM 
BYTE FORMAT 


@® MU AND A LAWS AVAILABLE (PIN PRO- 
GRAMMABLE) 


@ EQUAL PRIORITY TO EVERY CHANNEL 


@® ONE FRAME (AND ONE CHANNEL) 
DELAY FROM SENDING TO RECEIVING 
CHANNELS 


@ OVERFLOW INFORMATION FOR EACH 
CONFERENCE SENT OUT BY PINS OS 
(OVERFLOW SIGNALLING) AND ON 
DATABUS ON MPU REQUEST 


@ TONE OUTPUT FOR MASKABLE CON- 
FERENCED CHANNELS. THE DURATION 
AND FREQUENCY ARE CONTROLLED 
BY EXTERNAL PINS (TD AND TF) 


@ INSTRUCTION SET COMPATIBLE WITH 
THE SGS M088 


@ PROGRAMMABLE ATTENUATION (0/3/ 
6dB) ON EACH INPUT CHANNEL (BOTH 
IN CONFERENCE OR TRANSPARENT 
MODE) 

@ PROGRAMMABLE NOISE SUPPRESSION 
FOR EACH OUTPUT CHANNEL ACTING 
ON FOUR DIFFERENT LEVELS. 

@ 5V POWER SUPPLY 

® MOS AND TTL COMPATIBLE INPUT/ 
OUTPUT LEVELS 

@® MAIN INSTRUCTIONS CONTROLLED BY 
THE MICROPROCESSOR INTERFACE: 

— Channel connection to a conference 

— Channel attenuation and/or noise suppression 
in transparent mode 

— Channel disconnection from both conference 
and transparent modes 

— Overflow status 

— Operating mode 

— Channel status 





DIP-24 Plastic 


ORDERING NUMBER: M116 B1 


DESCRIPTION 


The M116 is a product specifically designed for 
applications in connection with PCM digital 
exchanges. It is able to handle up to 32 channels 
in any conference combination, from 3 people 
(max number of conferences is 10) to 32 people 
(only one conference). 


The parties to be conferenced must previously 
be allocated through the Digital Switching 
Matrix (M088) in a single serial wire at the M116 
PCM input (IN PCM pin). 


Each channel is converted inside the chip from 
PCM law to linear law (14 bits). Then it is added 
to the sum of its conference, from which was 
previously subtracted its information from the 
previous frame. In this way a new sum signal 
is generated. 


The channel output signal will contain the 
information of all the other channels in its 
conference except its own. 


After the PCM encoding, the data is serialized by 
the M116 in the same sequence as the PCM 
input frame, with one frame (plus one channel) 
delay and will be reallocated by the DSM (M088/ 
at the final channel and bus position. 


A. programmable attenuation as well as a pro- 
grammable noise suppression threshold can be 
inserted in any channels connected in conference 
mode or in transparent mode. 


M116 is realized with SGS N-Channel technology 
and packaged in a 24 pin DIL package. 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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Fig. 1 - PCM Conference Call Insertion Scheme 


PCM IN Oto6 r___ >PCM OUT 0 to6 
IN7 


CONFERENCE 


CALL 
CIRCUIT M116 Sanne 





ABSOLUTE MAXIMUM RATINGS 


Parameter 


Supply Voltage 

Input Voltage 

Off State Output Voltage 

Total Package Power Dissipation 

Operating Temperature ~O to 70 
Storage Temperature -~65 to 150 





Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the | 


operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


PIN CONFIGURATION 


TO 

TF 
RESET 
0S 

OUT PCM 
D7 

D6 

05 

D4 

03 


D2 
D1 





PIN DESCRIPTION 


TD (Pin 1) 

Tone Duration input pin. When TD = 1, a PCM 
coded tone is sent out to all channels of the 
enabled conferences instead of PCM data. TD is 
latched by the SYNC signal so that all channels 
have the same tone during the same number of 
frame. TD = O for normal operation. 


TF (Pin 2) 


Tone Frequency input pin. When TF = 1, the | 


tone’s amplitude is high. When TF = O, the 
tone’s amplitude is low. TF is latched by the 
SYNC signal so that all channels have the same 
tone frequency during the same number of 
frame. The PCM coded tone levels correspond to 
the 1/10 of the full scale. 


RESET (Pin 3) 

Master reset input pin. Reset must be used at 
the very beginning after power up to initialize 
the device or when switching from A Law to 
Mu Law. The internal initialization routine takes 
two time frames starting from the rising edge 
of RESET. During this initialization time, all 
databus and PCM output are pulled to a high 
impedance state. 


OS (Pin 4) = 
Overflow Signalling output pin. When OS = 0 
one conference is in overflow. This signal is 
delayed a little over half time slot with respect 
to the input channel involved in the conference 
in overflow, see Fig. 9. Ex: if input channel 3 
is one of the parties of one conference in over- 
flow, OS = O during the second half of the time 
slot corresponding to input channel 4. 


OUT PCM (Pin 5) 

PCM output pin. The bit rate is 2048 Kbit/s 
max. The sign bit is the first bit of the serial 
sequence. The output buffer is open drain to 
allow for multiple connections. 


DO to D7 (Pins 6 through 13) 

Bidirectional Data bus pins. Data and instruc- 
tions are transferred to or from the micropro- 
cessor. DO is the Least Significant Bit. The bus 
is tristate when RESET is low and/or CS is high. 


C/D (Pin 15) _ 
Control input pin. In a write operation C/D =0 
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qualifies any bus content as data while C/D = 1 
qualifies it as an opcode. In a read operation, the 
overflow information of the first eigh con- 
ferences is selected by C/D = 0, the overflow of 
the last two conferences and the status by 
C/D = 1. 


CS (Pin 16) 
Chip select input pin. When CS = 0, data and 
instructions can be transferred to or from the 
microprocessor and when CS = 1 the data bus 
is in tristate. 


RD (Pin 17) — 

Read control input pin. When RD = 0, read 
operation is performed. When match conditions 
for the opcode exist, data is transferred to the 
microprocessor on the falling edge of RD. 


WR (Pin 18) 

Write control input pin. Instructions and opcode 
from the microprocessor are latched on the rising 
edge of WR when match conditions exist. 


SYNC (Pin 19) 

Synchronization input pin. When SYNC rises 
to logic 1, the internal counter is reset so that 
a new frame can start. The frame format can 
vary from three (three is the minimum number 
of parties required to form a conference) to 
thirty two and this number is selected by SYNC. 
When PCM frames of 1544 Kbit/s are used, the 
rise edge of the SYNC signal must correspond 
to the Extra bit (193th). In the other case it 
must correspond to the first bit of the first 
channel. 





CLOCK (Pin 20) 
Master clock input pin. Max frequency is 4096KHz. 


EC (Pin 21) 

External clock output pin. This pin provides 
the master clock for the DSM (M088/M044). 
Normally is the same signal as applied to CLOCK 
input (pin 20). When you select, by Instruction 
5, Extra bit operating mode, the first two period 
of the master clock are cancelled, see fig. 8, 
in order to allow the operation of the M116 
and DSM with PCM frame with Extra bit (ex. 
193 bit/frame with PCM I/O of 1544 Kbit/s). 





PIN DESCRIPTION (continued) 


IN PCM (Pin 22) 

PCM input pin. The max bit rate is 2048 Kbit/s. 
The first bit of. the first channel is found with 
the rising edge of the SYNC signal if operating 
mode with. Extra bit is not inserted. The Extra 
bit is found with the rising edge of the SYNC 
signal if operating mode with Extra bit is inserted. 


A/MU (Pin 23) —— 

A Law or MU Law select pin. When A/MU = 1. 
A Law is selected. When A/MU = 0, MU Law 
is selected. The law selection must be done 
before initializing the device using the RESET 
pin. 


Fig. 3- Block Diagram 


r 
LINEAR 


RESET(3) 
cLocks SYNC (19) 
T, 
| i INSTRUCTIONK 8 >DB(6+13) 


OVERFLOW 


PCM OUT 
(5) 





Fig. 2 - Insertion scheme of M116 in a 448x 448 
Non-Blocking Digital Switching Matrix 


OUTPUT OUTPUT 
BUSSES BUSSES 
8-13 0-7 


4 
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CIRCUIT DESCRIPTION 


Through a protocol, the MPU sends the M116 
connecting information for each party: the 
conference number, the conference start bit, 
the tone insertion enable bit, the number, the 
attenuation and the noise suppression value for 
that party. 

When a party has to be disconnected the in- 
formation needed is the disconnection code 
together with the channel to be disconnected. 
The information of channel-N, frame M is added 
during the first half of channel-N+1, frame M 
and subtracted during the second half of channel 
N-1 frame M+ 1. 

After the Linear to PCM conversion, the sub- 
traction result goes to the parallel-in serial-out 
Shift Register appearing at the output with one 
frame plus one channel delay with respect to 
the corresponding sending information of the 
specific party. 


When many channel are to be conferenced, an_ 


attenuation can be desired for each specific 
party and this is obtained from the PCM to 
Linear conversion ROM. 


If the sum of the channels involved in one con- 
ference exceeds the full scale value a saturation 
appears and the device M116 can signal this 
overflow condition. 

The overflow information, sent out to the 
databus on MPU request, tells specifically which 
conference is in overflow at the moment re- 
quested. 

The number of the channel creating the overflow 
or in the conference already in overflow, can 
also be extracted from the OS pin, correlating 
this signal with the SYNC signal. 

The OS signal is low during the second half 
of a generical input channel slot time if the 
previous input channel is in overflow, see Fig. 9. 


This information can be used in the selection of 
the attenuation value, and the channel to be 
attenuated. 

If noise suppression is desired, four thresholds 
are available. 


When you insert in a channel this function, all 
the PCM output bytes which are related to this 
channel and which are at a level less than the 
selected threshold, are converted into PCM bytes 
corresponding to the minimum level. 


The four thresholds available correspond to 
the first, the fifth, the ninth and the sixteenth 
step of the first segment. 











These thresholds correspond respectively to 
1/4096, 5/4096, 9/4096, 16/4096 respect to 
the full scale if A-law is selected and to 1/8159, 
5/8159, 9/8159, 16/8159 respect to the full 
scale if MU-law is selected. 

The instruction 5 (operating mode) allows the 
device M116 to be compatible with any kind 
of PCM byte format, see Table 1, and to work 
also with PCM frames with Extra bit (ex. 193 
bit/frame at 1544 Kbit/s). 

The EC pin (External Clock) provides the output 
clock signal to be applied to the DSM (M088/ 
M044). 

This signal is usually the same as the one applied 
to the input CLOCK pin, only with a little delay 
(40ns typ.). 

When you select, by instructions 5, operating 
mode with Extra bit, the output clock signal at 
pin EC has two periods “‘frozen’”’ in order to 
allow the DSM (M088/M044) to work also with 
this kind of PCM frame, see Fig. 8. 

The M116 can also operate in transparent mode. 
In this case a channel of PCM information can 
be sent through the M116 and it will appear at 
the output after one frame (and one channel) 
delay. 

This is useful for a stand/alone system or if the 
attenuation and noise suppression features 
are desired without conference. 

A tone can be outputted instead of PCM informa- 
tion by using the two tone programming pins 
(TD/TF). 


This tone is a square wave with the same fre- 
quency of the signal applied to pin TF, a level 
corresponding to 1/10 of the full scale value 
and it is outputed only when pin TD = 1. 


Only channels connected in a conference with 
insertion tone bit (IT) active will have the PCM 
coded tone at their output. 

This feature allows the system to remind the 
users that they are in conference, or send in- 
formation of a new party connection and so on. 


The chip select pin (CS) allows several M116 to 
be connected in parallel on the same databus 
and access only a particular one. 

For testing and diagnostic purposes, a status 
instruction has been added that provides (for 
each channel requested) its conference location, 
the noise suppression threshold level and the 
attenuation value. This information will appear 
on the data-bus. 











RECOMMENDED OPERATING CONDITIONS 


Parameter 






























Supply voltage 4.75 to 5.25 V 
Vi Input voltage 0 to 5.25 V 
Vo Off state output voltage 0 to 5.25 V 
CLOCK freq. | Input clock frequency 4.096 | MHz 
SYNC freq. | Input synchronization frequency 8 | KHz 
Top Operating temperature Oto 70 °C 





CAPACITANCES (Measurement freq. = 1MHz; Top = 0 to 70°C; unused pins tied to Vg) 











C; Input capacitance 1 to 3; 15 to 20; 22 to 23 a 
Co Output capacitance 4,5, 21 Lt 


DC ELECTRICAL CHARACTERISTICS (T,.,, =0 to 70°C, Vee =5V + 5%) 
All DC characteristica are valid 250us after Vcc and clock have been applied. 













1to3 
6 to 13 
15 to 20 
22 to 23 


Vie Input low level 









Vir Input high level 






Output low level 4,6to 13 | lo, = 1.8mMA 


Output high level 4,6to 13 | loy = 250uA a 


lie Input leakage current 
| Vin = 0 to Vec 


6 to 13 Vin=0toVce 
CS = Voc 
ee on ae a 














lo. Data bus leakage current 





lec Supply current 





AC ELECTRICAL CHARACTERISTICS (Tamp = 0 to 70°C, Veco = 5V + 5%) 


All AC characteristics are valid 250us after Vcc and clock have been applied. C,_ is the max. capacitive 


load and R, the test pull up resistor. 
sant | Paammer | Ttconions | ain. | 10 


Clock period 230 
Clock low level width 100 
Clock high level width 100 
Rise time 
Fall time 

SYNC Low level set-up time 80 
Low level hold time 40 
High level set-up time 120 
High level width pee note 1 tceK 


PCM input ts Set-up time 20 
tH Hold time 80 


NO 
o1 
5 
n 





po a > ae) 
HAAN DN 


ie.9) 
© 
p>) 
nw 
























































PCM tpp min Propagation time CL = ee: R= 1KQ 40 
Output referred to CK high 
level 
tpp max Propagation time CL =50pF R, = 1KQ 90 130 ns 
referred to CK high 
level See note 2 
RESET Low level set-up time 100 
tHe Low level hold time 50 
tsH High level set-up time 90 
High level set-up time tceK 
WR Low level width 150 
tWwH High level width 200 
trep Repetition interval 500 
between active pulses 
tsp High level set-up time 0 
to active read strobe 
tHH High level hold time 20 
from active read strobe 
Rise time 60 
Fall time 60 
twe Low level width 180 
twH High level width 200 
trRep Reception interval 500 
between active pulses 
tsH High level set-up time 0 
to active write strobe 
THH High level hold time 20 
strobe 
tr Rise time 60 
Fall time 60 





NOTE: 1. With Extra Bit Operating Mode insert this time become 3 tc,. 
2. With Extra Bit Operating Mode insert these times are 8Ons longer. 
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AC ELECTRICAL CHARACTERISTICS (continued) 


DO to D7 
(interface 
bus) 


tsH (CS-WR) 
tHH (CS-WR) 
tsL (CS-RD) 
tHL (CS-RD) 


tsH (CS-RD) 


tHH (C5-RD) 


ts (C/D-WR) 
tH (C/D-WR) 


ts (C/D-RD) 


tH (C/D-RD) 


tpp (EC) 


ts (BUS-WR) 


tH (BUS-WR) 


tpp (BUS) 


tHz (BUS) 


Parameter 


Test Conditions 


Low level set-up time Active case 
to WR falling edge 
Low level hold time 
from WR rising edge 
High level set-up time 
to WR falling edge 
High level hold time 
from WR rising edge 
Low level set-up time 
to RD falling edge 
Low level hold time 
from RD rising edge 
High level set-up 
time RD falling edge 
High level hold time 
from RD rising edge 


Active case 
Inactive case 
Inactive case 
Active case 
Active case 
Inactive case 


Inactive case 


Set-up time to write 
strobe end 

Hold time from write 
strobe end 

Set-up time to read 
strobe start 

Hold time from read 
strobe end 


Propagation time 
from rising edge of CK 


Propagation time 
referred to CK edges 


Set-up 
Hold time 


Input set-up time to 
write strobe end 
Input hold time 

from write strobe end 


Propagation time 

from (active) falling 
edge of read strobe 
Propagation time 

from (active) -rising 
edge of read strobe 

to high impedance state 
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Fig. 4- SYNC, PCM I/O, RESET, TD/TF Timings 


r—— | WHICK) 
CLOCK 


fl tR(CkK) 
od ‘wu (SY) 
re 
ts(PCM) tH(PCM) 
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| 
t pp (PCM)max 

| 


twH (RES) 


tS(TD/TF )| tH(TD/TF) 


(1) tpi~ corresponds to bit 0, channel O or Extra Bit 


Fig. 5- WRITE Operating Timing 


tSH(RD) iia 


SEE TE ee ea 


tHH(CS-WR) 





ae t rE 
tsi (S-WR) HL(CS-WR) 
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' 
See P| 
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(DOto D7) 
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Fig. 6 - READ Operating Timing 
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Fig. 7 - EC (External Clock) and OS (Overflow Signalling) Timings 


CLOCK Ls 
tpp (EC) 


mm 
t pp (0S) 
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Fig. 8 - EC Timing with Extra Bit Operating Mode Insert 


i EXTRA BIT BIT 0 CHANNELO BIT 1 CHANNEL O 
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Fig. 9 - OS Timing with input PCM channel (u + 1) in overflow 


CHANNEL n-1 [| CHANNEL pa CHANNEL n+1 


n+ 1 n+2| 


FROM/TO uP 


| PROGRAMMATION UNIT 





PROGRAMMABLE 
ATTENUATION 


ON A,B,C 
(INDEPENDENT) 


EXPANSION 
PCM > LINEAR 
(14 BIT) 


SUM OF ALL 
PARTECIPANTS 
(19 BIT) 


LINEAR ~ PCM 
COMPRESSION 


PROGRAMMABLE NOISE 
SUPPRESSION 











INSTRUCTION SET 


@ INSTRUCTION 1: CHANNEL CONNECTION IN CONFERENCE MODE 
Three byte are needed: | 


1) the first byte contains the conference number and the Insert Tone Enable bit IT (D5). When 

. (bits DO-D3) and the Start bit S (bit D4). bit IT = 1 all the channels belonging to that 
When S = 1, all registers of the conference conference are enabled using insert tone func- 
will be cleared. S = 1 is only required in the tion if it’s active (TD = 1) 


instruction 1 set of the first channel con- 


_ 3) The third byte contains information about the 
nected to a new conference. 


attenuation level and the noise suppression 
2) The second byte contains in the bits (DO-D4) level to be applied to that channel and the 
the number of the channel to be connected opcode (0111). 


INSTRUCTION 1 FORMAT 
CONTROL SIGNAL 
es | #0 







S : Conference Start bit T1- 10: Noise suppression decision value 
P3 - PO : Conference number (1-10) (referred to PCM coding, 128+128 
IT : Insertion Tone function enable (IT=1) steps) 
C4 -C0O: Channel number (0-31) 00 = no noise suppression 
A1 - AO: Channel attenuation 01 = fifth step, first seqment 

00 = -OdB 10 = ninth step, first segment 

01 = -3dB 11. = sixteen step, first segment 


10 - 6dB 


@® INSTRUCTION 2: CHANNEL CONNECTION IN TRANSPARENT MODE 
; pression level to be applied to that channel 
Two bytes are needed: and the opcode (0011). 


1) the first byte contains the number of the PCM data of this channel is not added to any 


enennel: conference and it is transferred to the PCM 
2) The second byte contains information about output. It is not affected by the tone control 
the attenuation level and the noise sup- pins. 


INSTRUCTION 2 FORMAT 
CONTROL SIGNAL 








INSTRUCTION SECTION (continued) 
@ INSTRUCTION 3: CHANNEL DISCONNECTION 


Two bytes are needed: 2) The second word contains the opcode (1111). 


1) the first word contains the number of the 
channel to be disconnected. 


One time frame must exist between disconnec- 
tion and connection of the same channel. 


INSTRUCTION 3 FORMAT 


CONTROL SIGNAL 





@ INSTRUCTION 4: OVERFLOW INFORMATION 


Two bytes are needed to know the status of all 
10 conferences: C/D = O reads the first byte 
(first 8 conferences) and C/D = 1 reads the 


INSTRUCTION 4 FORMAT 


second byte (the last 2 conferences). A con- 


ference is in overflow when the corresponding 
bit is high. 


CONTROL SIGNAL 





CF10-CF1: anf 

nb: as long as RD remains low, the overflow | 
status of the conference selected by C/D can 
be monitored in real time. 


Conference in overflow when high 


® INSTRUCTION 5: OPERATING MODE 


The single byte needed contains the Extra bit E 
(D6), the format bits F1-FO (D5-D4) and the 
opcode (0101). 


values correspond to F1 = 0, FO = if 1 A-law is 
selected and F1 = 1, FO= 1 if Mu-law is selected. 


All channels must be disconnected when the 


The E bit must be E = 1 when the PCM frame 
contains a number of bit multiple of eight 
plus one bit (ex. PCM frame at 1544 Kbit/s). 
Normally E = 0. 


The bits F1-FO select the kinds of PCM format 
bytes according Table 1. After Reset the default 





Operating Mode Instruction is sent. They must 
remain disconnected for at least two time frames 
after the instruction was sent. 





We recommende to use this instruction right 
after the RESET (see pin RESET description). 








INSTRUCTION SECTION (continued) 


INSTRUCTION 5 FORMAT 






CONTROL SIGNAL 





DATA BUS 





Bl 
= 
0) 





E : Extra bit insertion (active when E=1) 01 = even bit (BO-B2-B4-B6) inverted 

F1-FQ: PCM byte Format selection (see 10 = odd bit (B1-B3-B5) inverted 
also Table 1) 11 = all bit (BO-B1-B2-B3-B4-B5-B6) 
00 = no bit inverted inverted 


® INSTRUCTION 6: STATUS 


Three bytes are needed : byte the information about the operating 


1) the first byte contains the number of the mode of the channel (no connection or 

channel; transparent mode or number of the con- 
ference, bits D4-D7); the attenuation (D2- 
D3) and noise suppression values (DO-D1) 
3) by a reading cycle you extract from the third eventually inserted. 


2) the second byte contains the opcode (0110); 


INSTR UCTION 6 FORMAT 


atta SIGNAL 
es [ne |e | wa 





DATA BUS 
D7 | 6 CGE 


X X C2 C1 CO 
X X 1 1 0 
P2 P1 AO T1 T2 














P3-PO : channel mode operation information nb: the Instruction 6 enables the data bus to 
0000 = no connection read the status until reset by C/D = O and 
1111 = transparent mode WR = 1. 


1010 - 0001 = conference mode, 
P3-PO give the number of the con- 
ference. 
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Table 1: PCM Byte Format. B7 (sign-bit) is the MSB and BO is the LSB. F1-FO corresponds to D5-D4 
in the byte of the Operating Mode Instruction (Instruction5). 


MIN LEVELS 
— FULL SCALE 


+ FULL SCALE 
MIN LEVELS 


— FULL SCALE 


+ FULL SCALE 
MIN LEVELS 


— FULL SCALE 


+ FULL SCALE 


MIN LEVELS 
— FULL SCALE 











Fig. 11 - Overflow Control with uP interactive procedure 


MP ENTERS M116 OVERFLOW 
CHECK INSTRUCTION 


M116 SENDS TO uP INSTANTANEOUS STATUS 
OF ALL CONFERENCES (WHETHER IN O.F. OR NOT) 


uP COMPARES PRESENT STATUS OF OVERFLOW 
REGISTER WITH PREVIOUS STATUS OF 
SAME REGISTER 


{iS eye 
CONFERENCE PARTECIPANTS 
BEYOND ACCEPT. OF “J 


; CONFERENCE 
Se ARE ATTENUAT. 


NO ACTION IS 
DONE ON “J” 
CONFERENCE 
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PRELIMINARY DATA 


DUAL TONE MULTIFREQUENCY GENERATOR 


@ 2.4 TO 5V SUPPLY RANGE 
VERY LOW POWER CONSUMPTION 


@ INTERNAL PULL-UP OR PULL-DOWN 
RESISTOR WITH DIODE PROTECTION 
ON ALL KEYBOARD INPUTS 


@ ON-CHIP CRYSTAL CONTROLLED OSCIL- 
LATOR (f, = 4.433619MHz) WITH IN- 
TEGRATED FEEDBACK RESISTOR AND 
LOAD CAPACITORS 


@ LOW HARMONIC DISTORTION (< 2%) 


@ FIXED PRE-EMPHASIS ON HIGH-GROUP 
TONES 


@® FAST START-UP TIME 


@® LOW POWER CONSUMPTION IN STAND- 
BY MODE 


@ MUTE OUTPUT (M761E ONLY) 
@ ONE CONTACT PER KEY 


DESCRIPTION 


The M761E-M761EA provides all the tone fre- 
quency pairs required for a DTMF _ Dhialling 
System. Tones are obtained from an inexpensive 
TV crystall (f, = 4,433619MHz) followed by 
two independent programmable dividers. The 
dividing ratio is controlled by the selected key. 
Keyboard format is 4 rows x 4 columns and a 
key is valid when a column and a row are con- 
nected together. 

Internal logic prevents the transmission § of 
illegal tones when more than one key is pressed. 
If no key is selected the oscillator turns off and 
the linear parts are strobed to decrease the total 
power consumption. 

As any buttom is pressed row and column inputs 
are scanned internally, to identify the activated 
ones. Electrically, row and column inputs are 
activated on high level voltage. 

Single tone output cannot be emitted by a “1” 
an a row or column only. For single tone emission 
see ‘’Single tone procedure’. 

A debounce output js available, for M761E only, 
to indicate that a key has been selected. D/A con- 
version is accomplished by a capacitive network 
allowing very low power consumption, very low 
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B/F B/F 
DIP-16 Plastic and Ceramic DIP-18 Plastic and Ceramic 


ORDERING NUMBERS: M761EB1 
M761EAB1 
M761EF1 
M761EAF1 


PIN CONFIGURATION 






COLUMNS 


c3|}5 M761E 14]|R1 
cal]6 13]|R2 
ROWS 
N.C. 12]]R3 
MIXER OUT 114] Re 
' ) DIG. FREQ. 
SS OUT 


OSC.IN Yop 
OSC.OUT FILTER IN 
14]] FILTER OUT 
COLUMNS } MISTE 
12|}R2 
ROWS 
MIXER OUT 


Vg 











DESCRIPTION (continued) 


distortion and an exceptional stability of tone for the M761E-M761EA from the telephone line 
level against temperature variations. and amplifies the output tones to the standardized 
levels. The M761E can also be interfaced with the 
LS156 speech circuit with MF interface avoiding 
the need of the common spring set. 

The M761E utilizes low voltage CMOS technology 


The tones are mixed in a resistive network; a 
unity gain amplifier is provided to realize a two 
pole active filter with only four external passive 


components. é uate 

and is available in 18 pin dual in-line plastic 
SGS has also developed the LS342, DTMEF line ceramic package; the M761EA is available in 16 
interface which provides the stabilized supply pin dual in-line package. 


ABSOLUTE MAXIMUM RATINGS 


Operating temperature range “6 
ic 


Stresses above those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device realibility. 


















Storage temperature range 


BLOCK DIAGRAM 


% MUTE OUTPUT 
sal 





LOW FREQUENCY CLOCK 


OSCILLATOR PRESCALER PROGRAMMABLE FREQUENCY O CR) 
DIGITAL FREQUENCY 
UTP 


O COUNTER OUTPUT 
OSC.OUT ie) UT 
8 BIT MIXER OUTPUT 
> 


SHIFT REGISTER 


CONTROL FILTER INPUT 
KEYBOARD LOGIC LOW FREQUENCY 
LOGIC PHASE SINE = WAVE 
GENERATOR SENATOR 


© 
OSC.IN 











8 BIT 


ANALOGUE 
SHIFT REGISTER ANALOGUE I FILTER 
MIXER rey OUTPUT 
OUTPUT 


HIGH FREQUENCY 
SINE - WAVE 
GENERATOR 


HIGH FREQUENCY 
PROGRAMMABLE 
COUNTER 





$3348 43 


er ee ere eee 


(*) Not connected in M761EA 
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ELECTRICAL CHARACTERISTICS (Al! parameters are tested at Tamp = 25 C) 


recon st on | te] om [ome 


DC CHARACTERISTICS 


Ipp Operating Supply Current Vpp = 2.4V ae i ae mA 
IDbpDo Stand-by Supply Current Vppo = 2.55V 


Vin Logical ‘1”’ 80% of Vpp V 
(Vpp-Vss)| + 0.3 
& 


Supply 


a” 
ded 
3 
G OQ 
ec 
Co — 
2¢ 
o£ 
cs 
° 
© 





Cin Input Capacitance Any Pin 


Vi High Level Input Current Vpp = 2.5V Vin = 2.5V 


lie Low Level Input Current Vop = 2.5V Vit = OV = 
lou —_— High Level Output Vop=25V Voy =2V 100 | 


lo Low Level Output Current Vop = 2.5V Vor = 0.5V 


Low Level Output Current | Vpp = 2.5V Vot =1V 
(open drain output) 


Vo Output DC Voltage Vpop = 2.5V 200 mV 
Without Tones . 
O Output DC + AC Voltage Vpop = 2.5V (see note 2) 0.63 0.84 1.05 V 
With 2 Tones (see fig. 1) 


lou Output Drive Current Vop=25V Von=15V |-100; =| | nA 


AC CHARACTERISTICS 


Oo 
e 


Mute Proc 
Output Outp. 


Re Feedback Oscillator 
Resistance 


C Output Capacitance to Vpp 


Oo 
Zo1 Output Dynamic Vpp = 2.5V . 
Impedance with 2 tones 
Z Output Dynamic V =2.5V 
ne Impedance with 2 Tones my 
F 


A Max. Output Tone Deviration | At crystal frequency 
F from standard f = 4.433619MHz 


+ 


R1 697Hz 
R2 770Hz 
R3 852Hz 
R4 941Hz 
C1 1209Hz 
C2 1336Hz 
C3 1477Hz 
4 


i+ 
meoooesoe 
“~Waoannrnn 


+ 





Cc 1633Hz 
Vie Low Frequency Tones Vpop = 2.5V (see note 3) 
Amplitude at Filter Out (see fig. 2) 
Viye High Frequency Tones Vpop = 2.5V (see note 3) 
Amplitude at Filter Out (see fig. 2) 
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Tone characteristics 











ELECTRICAL CHARACTERISTICS (continued) 


Parameter Test Conditions (see note 1) | Min. | Typ. 
Pre-emphasis 1.25 2.75 


Unwanted Frequency 
Components 

at f = 3.4KHz 

at f = 50KHz 


Total Harminic Distortion 
for a Single Frequency 


























Tone characteristics 


Start-up Time 


Note 1: This device has been designed to be connected to LS342 MF tone dialler line interface, from which it takes a 
V pp = 2.4V min. therefore many parameters are tested at this value. 


Note 2: The value of DC output component at two different conditions of supply voltage, with two tones activated, 


can be related as follows: Vpp' 
Viper? Vpe=—— 
Vpb 
Note 3: Ws value of AC output components (V;_¢, Vif) at two different conditions of supply voltages can be related 
as follows: 
Vpp' Vpp' 
Vitek Meo tge Vue! = VHF oo 
Vpop Vop 


The values are measured with two tone at the output. 


FUNCTIONAL DESCRIPTION 


OSCILLATOR (OSC. IN — OSC. OUT) buffers is switched off and the current con- 
The oscillator circuit has been designed to work sumption is reduced to 2/3 of the initia! value. 
with a 4.433619MHz crystal ensuring both fast Feedback resistance and load capacitances are 
start-up time and low current consumption. integrated on the chip ensuring good temperature 
When Vpp '!s applied and a key its activated performance. 

two inverters are paralleled (see fig. below) When the device is supplied but no key is activated, 
to decrease the total roy resistance. the oscillator is in the stand-by mode to mini- 
After oscillations have started one of the two mize power consumption. 


OSC.OUT 


THREE STATE 
INPUT 
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FUNCTIONAL DESCRIPTION (continued) 


KEYBOARD INPUTS 
(C1,C2,C3,C4 — R1, R2, R3, R4) 


Each keyboard input has an internal protection 
circuit; when a button is pressed, the oscillator 
starts and dynamic scanning of keyboard is 
realised. 


This allows to the detection of which button 
has been pressed. 


When two or more column or row inputs are 
activated no tone is generated. 


DIGITAL FREQUENCY OUTPUT 


This output is intended for testing only; when a 
single tone is activated, at this output is available 
a digital signal whose frequency is 16 times the 
selected output tone frequency. This output is 
an open collector N-channel transistor. 


LF ANALOGUE 
INPUT | 


20K. WKN 


FILTER (Filter Input, Filter Output) 


A unity gain amplifier is available to realize a 
two pole active filter (see fig. below). The output 


of this amplifier is held low until tones are- 


valid, it than rises to about 0.85V at Vop = 2.5V. 
Tones are superimposed on this DC. 

The output DC component is very precise and 
stable to allow DC coupling with the LS342 
DTMF line interface and LS156 speech circuit 
with MF interface. 

The output dynamic impedance of the filter is 
about 2.5KQ. 








MIXER OUTPUT 


The two reconstructed sine waves are buffered 
then mixed in a resistive array network that 
also restores the DC output level. 


DIGITAL 
FREQUENCY 
OUTPUT 


JUL _, 


HF ANALOGUE 
INPUT 


MIXER | scaieats 


$-3805 














FUNCTIONAL DESCRIPTION (continued) 


The following equivalent circuit should be ap- 
plied during filter design: 


R2 FILTER INPUT 25KN. 


MIXER 
OUTPUT 


FILTER 
OUTPUT 


$-3812/1 





It is evident that R1 and R2 should be kept high 
to avoid undue influence of Mixer and Filter 
output impedances. 


The following values are suggested: 


R1 = 430KQ + 2% 
R2= 82K + 2% 
C1 = 820pF + 10% 
C2 = 120pF + 10% 


MUTE OUTPUT 


Mute output becomes active when a key is 
activated eliminating keyboard bounces and 
remains active for all the duration of tone 
transmission. 

If the key is released before the oscillator pro- 
duces the correct control signals, mute output 
is disabled. 


Fig. 1 — DC + AC out level measurement test set 


FILTER OUT 


S-5538 


SINGLE TONE PROCEDURE 


This is accomplished through the following steps: 


1) Activate simoultaneously 1, A, D inputs, 
appling logic 1’S. This implies the use of logic 
level sources. The single contact keyboard 
does not allow this procedure. 


2) The device enters the ‘‘test mode’’ Now any 
single row or column frequency (or both) can 
be activated at out put applying logic ‘‘1” 
to correspondant input (inputs). 


3) To get out from ‘“‘test mode” reply 1, A, D 
activation (or though) power off power on. 


ANY KEY | | | Ml 

MUTE. | | | | 

con GL el 

TONE OUT. ae oe ee 
eS Se Tn 





This measurement is performed with both row and column tones at output 
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FUNCTIONAL DESCRIPTION (continued) 


Fig. 2 — Out tone level measurement test set 


FILTER OUT 
PEAK DETECTOR 


$-5539 


This measurement is performed with both row and column tones at output. 





Fig. 3 — THD measurement test set 


High pass filters characteristics: 


F1:f,=1400Hz 100dB/dec 
F2 : fg = 2500Hz 100d B/dec 


PEAK , 
DETECTOR OUT 


$-3801/1 


THD measurement is made by sensing the level of harmonic components after suppression of the fundamental. 
Two different high pass filters are used for low and high frequency tones. 
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FUNCTIONAL DESCRIPTION (continued) 


Fig. 4 — Start-up time measurement test set 


eV 


FROM 
TEST ----— 
MACHINE 


4.7V 


$-38602/1 


Fig. 5 — Start-up time definition 
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S$- 3803/2 








TYPICAL APPLICATIONS 


M761E application circuit with electronic speech circuit 
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M761EA application circuit with LS342 line interface 
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SINGLE PUSH BUTTON 
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TONE RINGER 


@® WIDE OUTPUT TONE SELECTION 


@® DIRECT DRIVE FOR PIEZOCERAMIC OR 
DYNAMIC TRANSDUCERS 


® BUILT IN BAND PASS FILTER (20 TO 60Hz) 
@ uP CONTROL INPUT 
® CMOS TECHNOLOGY 


DESCRIPTION 


The M764A is a high performance electronic 
ringer suitable for application in standard and 
parallel connection telephones; it can also be 
used as an alarm indicador. An incorporated 
bandpass filter prevents spurious ringing caused 
by transients and dialling pulses. Pin-selectable 
options permit three, two and single tone se- 
quences. 

The output stage allows direct drive of both 
piezoceramic and dynamic transducers. The 
output tone level can be externally programmed 
to increase gradually during the first three bursts. 
Output tone stability and the bandpass filter 
corner frequencies are guaranteed by a crystal 
controlled oscillator. 

The M764A is available in 16 pin dual in-line 
plastic. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Input voltage 


Power dissipation 


Operating temperature range 


Storage temperature range 





Stress above those listed under ‘Absolute Maximum Ratings”’ 
a stress rating only and functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 


extended periods may affect device reliability. 


DIP-16 Plastic (0.25) 


ORDERING NUMBER: M764A B1 


PIN CONFIGURATION 


OUT TONE 
ACTIVATION 


$- 4386/3 





-0.5V to +17 
-0.3 to Vpp +0.5 
400 
. -25 to 70 
-55 to 125 


may cause permanent damage to the device. This is 
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ELECTRICAL CHARACTERISTICS (Al! parameters are tested at T..,, = 25°C) 


DC CHARACTERISTICS 


A 


VTH Sequence logic power 1.8 | 28 
on/off reset 
lop Operating supply current Vpp=1i5V OE $1 he 


MI Main oscillator input iW Vip 15V Pb he eed 
a al 










Supply 












MO1 Main oscillator output 1 






Main oscillator 


ELECTRICAL CHARACTERISTICS (continued) 
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Parameter 


Sweep oscillator input 


Sweep oscillator output 1 


Sweep oscillator output 2 


Test conditions 















Vj. = OV 





lot VOL 


VoH= Vop-1¥ 


Veniev 








Enable input 
Filter enable input 
Output drive mode 


Output sequence selection 


pins 


Frequency input 


Output 


Inverted output 


lon = Vow= Vop-1V 





ly VoL 


Vin = 15V 


iw Vin= 4V 


lou Vpp= 15V 
Vo = 13V 


Vpp13V 


Vpp=19V 






| 


Vin = 15V 











lo. Vop= 15V 
Vo =1V 





iaie “Veg: 16V 
Wo 2 13V 





lOL Vop = 15V 


Ve. 221 





lou  Vpp- 15V 
Vo: 13V 

lo.  Vop. 15V 
Vo -1V 


. Input resistor of 1.5KQ is active until VTR of input inverter is reached 


AC CHARACTERISTICS 


— 
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~ 
AL 
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1°) 


(*) R>50KQ 
C > 100 pF 


Start up time 


Vpp= 6V 
f= 455 KHz 


Re= 1MQ 
C\= Co= 100 pF 
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FUNCTIONAL DESCRIPTION 


Main Oscillator 


The main oscillator has been designed to be driven either by an external RC network or by a ceramic 
resonator (see fig. 1): 


Fig. 1 - a) Crystat controlled oscillator 





S/ 43821 


The accuracy of the output tones and of the band-pass filter characteristics are determined by the — 
accuracy of the main oscillator frequency. 

The crystal guarantees good performance over the whole temperature range with no external trimmer. 
The main oscillator as well as the sweep oscillator are maintained in a stand-by condition or forced to 
run according to table 1. 


Sweep Oscillator 
The sweep oscillator (fig. 2) controls the repetition rate of the output tone sequence. The output 
repetition period is given by 


Fig. 2 
384 


Trep ad F 
sweep oscill. 
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Output Tone Activation (pins FEN, EIN, FRI) 


The output stage is enabled by the signal OE (output enable) under control of pins FEN, EIN, FRI 
as shown in table 1, and fig. 3. 

Pin FEN and EIN are standard C-MOS inputs. 

Pin FRI has a pull-down resistor of approximately 300 Ko. 
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FUNCTIONAL DESCRIPTION (continued) 


Table 1 


OSC. | QUT. 
FEN EIN FRI EN. EN, TONE OUT 


0 














IF f>fmin 
3-4392/1 


Ty = toy 02225msMAX J3=IDENTIFICATION TIME fin + toy 


Fig. 3 - Timing diagram 
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QuT BOOHz $6 1333 800 1066 800 10661333 800 1066 800 800 1066 1333 800 
$-439I 


800 1066 1333 


5 y 
Cyetsm » 2=25ms MAX U9 =!DENTIFICATION TIME fins tony 
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FUNCTIONAL DESCRIPTION (Continued) 


Output Enable (OE) 


The output enable pin (OE) can be used in special application to drive a LED or any external circuit to 
indicate that an incoming ringing signal has been detected by the tone ringer as in automatic responders. 
OE timing diagrams are shown in table 1. 


The OE output stage configuration is shown in fig. 4. 


Fig. 4 


$- 4379 


Tone Outputs (TO, TO) 


Two complementary outputs are provided to drive in a bridge configuration both piezoceramic and 
dynamic transducers (see fig. 5). 


Fig. 5 





PIEZOCERAMIC 
TRANSDUCER 
DRIVING ; 





ae 


| DYNAMIC 
TRANSDUCER 
DRIVING 
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The configuration of the output buffer is shown in fig. 6. 


Fig. 6 








The output waveform is a square wave with 50% duty cycle. 

The generated tone level can be constant or can be gradually increased up to the max. level during the 
detection of the first three ring signals. 

This function has been implemented controlling the output voltage swing that can be Vpp for max. 
output level, 0.4 Vyp for the intermediate output level and 0.1 Vpop for the lowest output level. 


Output Drive Mode (ODM) 


The output level is constant if this pin is a logical 0: it gradually increases to the max, level if this pin is 
a logical 1: the sequence can take place if after the first ring signal during the ring tone pause period the 
supply does not fail below the power on reset threshold (5.5V) and always starts from the lowest level. 


Output Tone Selection (B) 


Table 2 B Output tone sequences and frequencies 
fimax oscil, = 455IKHz 


0 800 1066 1333 
1 800 1066 
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TYPICAL APPLICATIONS 


a) Tone ringer for standard telephone applications 





S- 4381/6 


If pin EIN is connected to Vpp the ringer is activated by frequencies upper than 20Hz. 

In both cases the volume potentiometer can be avoided connecting the ODM to Vpp allowing the 
gradually increase of the ringer volume in three steps. 

The number of the output available tones and their frequencies are controlled by ABC pins according 


to table 2. 


b) Tone ringer for alarm, buzzer or ring tone detection in centralized equipments. 


Vop  FRis; 





S-9078 
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Anti Tapping Application 
In the anti-tapping application an input current threshold is established. 
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TONE RINGER 


® WIDE OUTPUT TONE SELECTION 


@ DIRECT DRIVE FOR PIEZOCERAMIC OR 
DYNAMIC TRANSDUCER 


@ BUILT IN BAND PASS FILTER (14 TO 66Hz) 
@® BUILT IN DIODE BRIDGE 


DESCRIPTION 


The M774 is a high performance electronic ringer 
suitable for application in standard telephone 
sets. An incorporated band pass filter prevents 
spurious ringing caused by transients and dialling 
pulses. Pin selectable options permit three and 
two tone sequences with different sweep rate. 
The ouput stage allows direct drive of both 
piezoceramic and dynamic transducers. 

The M774 is available in a 14 lead dual in-line 
plastic and ceramic package. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Input voltage 
Power dissipation 


Operating temperature range 


Sto rage temperature range 





Stresses above those listed under ‘Absolute Maximum Ratings” 





B F 
DIP-14 Plastic (0.25) Ceramic Frit-seal (0.25) 


ORDERING NUMBER: M774B1 
M774 F1 


PIN CONFIGURATION 


-0.5 to +20 
-0.5 to Vpp +0.5 
400 
-O0 to 70 
-55 to 80 


may cause permanent damage to the device. This is 


a stress rating only and functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 


extended periods may affect device reliability, 
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TYPICAL APPLICATION 


15V 5222 uF 


FRI 
1N4148 Mi__MO1_MO2 





ELECTRICAL CHARACTERISTICS (All parameters are tested at Tamp = 25°C) 


ee 


DC CHARACTERISTIC 


Vop Voltage Supply 
VTH Power on/off Reset Threshold 


Operating Supply Current 


Ippo Stand-by Supply Vpop = 15V 


MI Main Oscillator Input ly Vin = 15V 
lin Vip= OV 
Main Oscillator Output 1 lon VoH= 13V\ — 15V 
lon Vol= 2v (007 


Main Oscillator Output 2 lon Von = 18V 


ig: Von Ov Vop = 15V ! 


Output lou Vpp = 15V 
Vo =13.5V 

lo. Vop = 15V 

Ven a 


inverted output lon Vpp = 15V 
| Vo =13.5V 

lot Vop = 15V 

Vo = 1V 








ELECTRICAL CHARACTERISTICS (Continued) 
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AC CHARACTERISTICS 
















an 
Zin Small signal = 


KQ 
stand by 







impedance 





FUNCTIONAL DESCRIPTION 
Ringing input (IRI) 


This input is connected the telephone line according to the application circuit shown. 
The tone output is enabled only if the ringing signal frequency is between 14 Hz and 66 Hz. 


Output tone selection 


Different output tone sequences are selectable as shown in table 1. 
Table 1 (fosc = 32kHz) 


Frequencies output 
































Oscillator (MI, MO1, MO2) 


M774 uses an inexpensive RC oscillator. 


S- 6105 


The good stability against supply voltage of this configuration ensures good bandpass filter performance. 
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Tone outputs (TO, TO) 


Two complementary outputs are provided to drive in bridge configuration both piezoceramic and dynamic 
transducers see fig. 
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The configuration of the output buffer is shown in fig. 





The output waveform is a square wave with 50% duty cycle. 


Sweep rate selection 


With the M774 it's possible to select two different sweep rates of the output tones according to tab. 2 





TIMING DIAGRAM 


DO | | 
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THREE-TONE RINGER 


@® ON-CHIP RECTIFIER BRIDGE AND TRAN- 
SIENT PROTECTION 


@ DIRECT DRIVE OF PIEZOCERAMIC OR 
DYNAMIC TRANSDUCERS 


® NOISE SUPPRESSION BY DIGITAL FRE- B 
QUENCY FILTER AND LEVEL DETECTOR DIP-14 Plastic 
@® USES LOW COST CERAMIC RESONATOR 
FOR MAIN OSCILLATOR ORDERING NUMBER: M1094 B1 
@ REPETITION RATE OF TONE SEQUENCE 
ADJUSTABLE BY RC TIME CONSTANT PIN CONFIGURATION 
PELGuENeY DIGITAL OUTPUT 
OPTION PIN 
DESCRIPTION CERAMIC PULSE WIDTH 


RESONATOR 


OUTPUT SOUND 
TRANSDUCER 


The M1094 replaces the electromechanical tele- 
phone bell and calls the subscriber by a melodic Meee ee le 
tone sequence. It derives its power supply by 
rectifying the ac ringing signal, requires only a 
minimum of additional components and is com- BOSITWE of coo relal wae 
patible with the conventional telephone network. YOEIAGE 


INPUT A 


INPUT B 





Fig. 1 - Block Diagram 
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This is advanced information on a new product now in development or undergoing evaluation, Details are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 










Parameter 


Supply Current 
Input Voltage 
Output Current 

Operating Ambient Temperature 
Storage Temperature 





5,17 =+25 
V, Vsg -0.3 to Vpp + 0.3 
111,112,114=+ 10 
-25 to +60 
-40 to +125 
















Furthermore, the conditions of section 9 are applicable 


Stresses in excess of those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


Power Supply (See Functional Description) 


Current consumption, outputs without load. 


Frequency range of the ac input current into pins 5 and 7 which 
gives an output signal at pins 11 and 12; (Test Circuit - Fig. 7). 
a) Pin 1 unconnected 
b) Pin 1 connected to pin 4 = Veg 
c) Pin 1 connected to pin6 = Vap 

dc operation (See section 3) 


Frequency ranges of the ac input current into pins 5 and 7 which 
do not produce output signals at pins 11 and 12; (Test circuit - 
Fig. 8). 

a) Pin 1 unconnected 


= 
oO 


8 


On-resistance of outputs: 

pin 11, pin 12, at lo, = SMA or Ioy = -5MA 
pin 14, at lo =5mA 

pin 14, at lop, = -SmMA 


Frequency of the output signal at pin 11, pin 12 


Et Start-up time of clock oscillator 
Internal supply voltage limitation at 15,17 = 10mA 


Switching levels of voltage level detector: 
V6-4 ON Turn-on level 
V6-4 OFF Turn-off level 
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GENERAL DESCRIPTION 


The M1094 replaces the customary electromecha- 
nical telephone bell and calls the subscriber by 
a melodic tone sequence, using a small magnetic 
Or piezoceramic sound transducer. The melody 
ringer circuit, together with its transducer is 
powered by the ringing current from the ex- 
change. This makes it compatible with the con- 
ventional telephone network and, in addition, 
no battery or mains connections are needed 
(Fig. 2). It is also possible to apply a DC signal 
instead of the AC ringing signal (Fig. 3). As shown 
in Fig. 2 and 3 the amount of additional com- 
ponents is reduced to a minimum. 


FUNCTIONAL DESCRIPTION OF THE 
TONE RINGER CIRCUIT 


POWER SUPPLY 

The tone ringer circuit (Fig. 2) derives the power 
required for its operation from the ringing AC 
supplied by the exchange via linea a and b. 
Together with the loop resistance, the specified 
1uF isolating capacitor and a 2.2KQQ resistor is 
needed to ensure a minimum impedance. 


The supplied alternating current is fed to pins 5 
and 7 of the tone ringer and is rectified by means 
of an integrated bridge circuit in the M1094. The 
rectified current charges the electrolytic capacitor 
at pin 4 and 6. The direct voltage V6-4 generated 
across this capacitor is the supply for the internal 
circuitry. It mainly depends on the loop resistance 
and on the ringing frequency. Its maximum value 
is limited by an internal Zener diode to about 16V. 


CLOCK SIGNAL GENERATION 

The clock oscillator, integrated in the M1094 tone 
ringer Ic requires only an inexpensive ceramic 
resonator connected to pins 2 and 3, for example 
the 455KHz type Murata CSB 455E. The fre- 
quency of this oscillator is used to derive the 
three output tone frequencies and the clocks 
for the input frequency comparator. 


MONITORING THE 
QUENCY 

The frequency f,,y of the ringing AC supplied to 
the inputs pins 5 and 7 is monitored in the 
M1094 by a frequency comparator. The result 
of the frequency comparison is used as one 
criterion for activating the tone generator (see 
section 4. for the other criterion). The circuit 


INPUT RINGING FRE- 


generates output tones only if the input ringing 





signal is inside a specified frequency band. Three 
different modes can be selected by the option 
pin 1. 


a) Pin 1 unconnected: 
In this mode a frequency fj, from 23 to 54Hz 
will be accepted for producing the output 
tone sequence. 


b) Pin 1 connected to pin 4 =0 
In this mode a frequency f,, from 12 to 54Hz 
will be accepted. Due to this option, the 


M1094 can also be employed in telephone sys- 
tems having a ringing frequency below 20Hz. 
Pin 1 connected to pin 6 = 1 

In this mode the result of the frequency com- 
parison has no influence. A DC signal can be 
applied to the M1094 at pins 4 and 6 or 
pins 5 and 7 for producing the output tone 
sequence. 


c) 


A digital noise suppression circuit in the M1094 
ensures that noise signals in the range from OHz 
to 20KHz and with a maximum amplitude of 9V 
RMS will not affect the correct function of the 
M1094 if the input ringing signal applied to the 
terminals and b of Fig. 2 has an amplitude of 
50V RMS and a frequency in the range specified 
for producing an output signal. 


VOLTAGE LEVEL DETECTOR 

The voltage level V6-4 is monitored in the 
M1094 and used as another criterion for activating 
the tone generator. The tone sequence will be 
started when V6-4 increases to a level around 
6V. The tone sequence will be ended when V6-4 
decays to a level around 3V. 


TONE SEQUENCER 

The ringing signal produced by the M1094 is a 
sequence which is determined by the external RC 
network of the tone sequence oscillator and by 
the ratio of the frequency divider. The relation- 
ship between repetition rate fg and oscillator 
frequency fog Is: 

fr — rte OSs. 
32 32 

The repetition frequency can be adjusted from 
2.4Hz + 0.2Hz to 25Hz + 3.5Hz using the con- 
nection scheme of Fig. 4 and the following 
component values: 


C = 4.7nF 
R3 = 43KQ2 
R4 = 0 to 600KYQ2 








FUNCTIONAL DESCRIPTION (continued) 


The repetition frequency can be calculated using 
the formula: 


10° 
fp (Hz) = ——_________—_ 
134.4 + C + (20+ R) 
with C(nF) = capacitance between pins 8 and 9, 
R(KQ2) = resistance between pins 8 and 10. 


The repetition frequency depends slightly on 
the supply voltage V6-4. The variation is equal 
or less than +4%per 1V. 


TONE GENERATOR 

The ringing signal is a sequence of three tones. 
Their frequencies are derived from the clock 
frequency at division rates of 560, 420 and 
336. Depending of the clock frequency fc the 
tone frequencies are: 

813Hz, 1083Hz, 1354Hz for fe = 455KHz 
800Hz, 1067Hz, 1333Hz for fe = 448KHz 


This is a harmonic ratio of 3:4:5. The sequence 
will be started if two conditions are fulfilled: 
The input ringing signal f,,y has to be inside a 
specified frequency band and the supply voltage 
V6-4 has to be increased to the turn-on level. 
The sequence always starts with the lowest 
tone. The sequence ends, if fj), departs from the 
specified frequency band or if V6-4 is lowered to 
the turn-off level. 


or 


TONE OUTPUT 

The output amplifier of the M1094 tone ringer 
is a push pull bridge circuit. It supplies two 
square wave signals of opposite phase at pin 11 
and pin 12. The high value of the signal equals 
the potential of pin 6 and the low value equals 
the potential of pin 4, if no load is connected to 
the outputs. Optionally, the pulsewidth of the 
squarewave output signal can be limited to 0.2ms 
internally, in order to save the components of 
an external limiting circuit containing acapacitor. 
The shorter pulse-width is of advantage in the 
case of an electromagnetic transducer being used 
which will operate with increased efficiency in 
this case. The connection of pin 13 determines 
the mode: when connected to pin 4, the pulse- 
width is not affected. If pin 13 is left unconnected, 
the pulsewidth will be 0.2ms. The waveform of 
the current through the load is shown for both 
cases in Fig. 5. 
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DIGITAL OUTPUT 

The digital outuput pin 14 can be used for con- 
necting a supplementary load to the supply 
terminals pins 4 and 6 when the tone genera- 
tion is deactivated. Without the supplementary 
load the voltage V6-4 may decrease significantly 
upon activation of the tone generation. 

The digital output is at the voltage level of pin 6 
as long as the two conditions (f,,, and V6-4) for 
the tone generation are not fulfilled. A sup- 
plementary load current can then be drawn 
through an external resistor between pins 14 and 
4. As soon as the conditions for the tone genera- 
tion are fulfilled, the digital output switches to 
the voltage level of pin 4. 


OVERLOAD PROTECTION 

The M1094 can withstand an alternating volt- 
age of 110V at a frequency of 50Hz across 
terminals a and b of Fig. 2 for 15 seconds. 


The circuit will not be damaged by a transient 
voltage test with the following test conditions: 


Voltage across the charge capacitor 2KV 

Pulse timing 10/700us 
Pulse sequence 30s 
Number of transients 16 

Polarity change after 5 transients 
Test circuit Fig. 4 


Fig. 2- M1094 with power supplied by the 
AC ringing signal 


455KHz 





Fig. 3 - M1094 with power supplied by DC Fig. 4 - Circuit connection scheme for repeti- 
tion frequency adjustment described in 
section 5 





Figg. 5a/5b - Diagram of output current through a load between pins 11 and 12 


a) pin 13 connected to pin 4 b) pin 13 not connected 


Iyq2-142 





Fig.6 - Circuit for transient voltage test de- Fig. 7~ Test circuit which activates the output 
scribed in section 9 signal generator (see also frequency 
specification) 


TONE RINGER | [poo TONE RINGER 
CIRCUIT CIRCUIT 
OF FIG. 2 OF FIG. 2 


CIRCUIT 
OF FIG 2 
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DECADIC PULSE DIALLER 


@® R-C OSCILLATOR GENERATES ALL 
TIMING WITH AN ACCURACY BETTER 
THAN + 5% OVER COMPLETE TEM- 
PERATURE RANGE 


@ DIALLING SPEED CAN BE REGULATED 
VIA OSCILLATOR FREQUENCY 


@ TWO MARK/SPACE RATIONS: 331/ 66 2 
OR 40/60 


B 
DIP-18 Plastic 


@ AVAILABILITY OF REDIAL WITH TWEN- ORDERING NUMBER: ee 


TY DIGIT MEMORY WHICH ALSO FUNC- 
TIONS AS BUFFER DURING DIALLING 


@® CMOS PROCESS 
@ IGNORES MULTY KEY ENTRIES 


The M2560 converts the key press signals into 
a series of digital pulses similar to those gene- 
rated by a mechanical dialler. 

The M2560A is available in 18-lead dual in-line 


plastic package. 


BLOCK DIAGRAM 


KEYBOARD KEYBOARD 
INPUTS INTERFACE 


20 DIGIT 
MEMORY 


CONTROL LOGIC 


O O 
iPS M/S 











PIN CONFIGURATION 
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ELECTRICAL CHARACTERISTICS (Specifications apply over the operating temperature and 
1.5V <Vpp to Vss $3.5V unless otherwise specified. 


Voo—Vss 


(Vv) Test Conditions. 


Vout = 0.4V 


Parameter 


Output Current Levels 


DP Output Low 


loLDP Current (Sink) . 
, DP Output High : : Vout =1V pA 
OnDE Current (Source) Vout = 2.5V oe pA 
, MUTE Output Low 

OLM Current (Sink) Vout =0.4V 

, MUTE Output High | Vour= 1V pA 
OHM Current (Source) Vout =2.5V 35 pA 


Data Retention Voltage 
Quiescent Current 


“On Hook” HS = Vpp Keyboard open, 
all other input pins to Vpp or Vss 


DP, MUTEopen, HS =Vgg("Off Hook”) 


= =) 


Ipp Operating Current 


Keyboard processing and dial pulsing 
at 10 pps at conditions as above 





—_ 


cana wo 
on oan on 


<— 
N 


fo Oscillator Frequency 


. 
> 










+3 


x 


Fixed R-C oscillator components 
5OKQ < RD s 750KQ; 

100pF < CD* < 1000pF; 

750kQ < RE <5M0; 

* 300pF most desirable value for CD 


A fo/fo Frequency Deviation 


x 





Input Voltage Levels 


ViH Logical ‘1’ 
Logical ‘’0’’ 


Input Capacitance Any Pin 


Note: To prevent excessive dissipation, which could damage the device, Vpp must always be applied before any input 
is applied. In addition the following conditions must be maintained : Voss < = Vi < =V 
To ensure correct device reset, Hs = 1 should be valid (on Hook condition )when Vieg' is applied. 


80% of 


Vop 
+0.3 


" 
ie) 


(Vpp-Vss) 


Vss 20% of V 
—0.3 


pF 


ii 


is; 
s [o 
on 
& 
= 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Value 


Storage Temperature Range 
Operating Temperature Range 
[| teed Temperature Soldering, xe) | a0 S~d CS 


Stresses above those listed under ‘’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these or any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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FUNCTIONAL DESCRIPTION 


OSCILLATOR FIRST DIAL AND REDIAL 

An R-C oscillator, with external RC components The digit enter rate is approximately 50ms per 
(2 resistors and a capacitor), supplies all device digit with a daialling rate in the range 7 to 
timing. 20 pps. The last dialled number is held in me- 
This oscillator is operational only while a number mory for subsequent redialling. Interdigit pause 
is being dialler and dialling pulses are being can be inserted during the first dial phase by 
transmitted. Under all other conditions, in- pressing the ““# "’ key, however the total number 
cluding the ‘‘On Hook” condition, the oscillator of digits pulse pause should not excedd 20. 


is inoperative. 

Typical oscillator frequency, for 10 pps, is 
2400Hz, obtained with two external 750KQ 
resistors and a 270pF capacitor. A tolerance 
of less than + 1% can be obtained using resistors 
with 5% tolerance and capacitors with a tole- 
rance of + 5%. 


Redial is obtained by lifting the handset and 
pressing the ‘’# " key which causes the number 
to be automatically sent to the line. If a pause 
is detected the line pulsing is suspended untill 
the ‘‘# "’ key is pressed. 


PIN) DESCRIPTION 


KEYBOARD INTERAFACE ck , so eae ee Ba eae ee 
The M2560 scans the keyboard to establish key ace eae A ae 18 : , R4, C1, C2, C3) 


state (open or closed) : 
The key contact resistance must be less then or 


OFF HOOK OPERATION equal to 1KQ2. 

In the Off-Hook condition, the M2560A is sup- . We) _ p; 

plied via a 150KQ2 resistor. The DP output : moon on tN oe ere 

normally high, holding the transistor, which Detects the On-Hook/Off-Hook condition with a 
replaces the mechanical dial contact, in the on low level corresponding to the Off-Hook condition. 
condition. This transistor causes the line discon- 

nects corresponding to the key pressed. Oscillator (RE, CD, RD) - Pins 6, 7, 8 

Table 2 shows the various possible operating Connections to the external components for the 
modes as a function of the programming pins. RC oscillator. 

Obviously modifying the master clock frequency as 

gives a proportional modification of the DIAL Pulse Output (DP) - Pin 9 

RATE and Inter Digit Pause. The chip also in- Supplies the dial pulses to the line disconnect 
cludes an anti-bounce delay of 20ms minimum. transistor. 
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FUNCTIONAL DESCRIPTION (Continued) 


Mute Output (MUTE) - Pin 11 Inter Digit Pause Selection (IPS) - Pin 15) 
Drives the external receiver muting transistor. See relative table. (Note an interdigit pause is 
also sent before the first digit pulses are sent 
Mark Space Selection (MS) - Pin 12 to the line) 
See relative table. 
Vpp -Pin 13 
Dial Rate Selection (DRS) - Pin 14 
Vss - Pin 10 


See relative table 


Table 2. Table for Selecting Oscillator Component Values for Desired Dialing Rates and 
Inter-Digit Pauses 


Osc. Freq. RD RE CD Diai Rate (pps) 
Desired (Hz) (kQ) (kQ) =| (pF) = DRS=Vpp 
55/11 | 1320 — 

6/12 


6.5/13 1560 













Dial Rate 







IPS=Vsg_ | IPS=Vpp 


727 
667 
571 
533 
47) 
42) 





rs 


: 





— jo | — 
Ww - 


[o>) 
or 


* 
0 
J 
. oO ” 
ao 
< 
n 
w 


1230 


8 


a4 | 1880 Select components in the 

7/4 oe, ranges indicated in table 
7.5/15 of electrical specifications 
8/16 1920 
85/17 | 2040 | 
9/18 
9.5/19 
10/20 270 


(fq/240) fd (fq /240) (fq/120) 1920 | 10) 
(fq/120) fj 


Note: IDP is dependent on the dialing rate selected. For example, for a dialing rate of 10 pps, an IDP of either 800ms or 400ms can 
be selected. For a dialing rate of 14 pps, and IDP of either 1142ms or 571ms can be selected. 
* DRS status scales of a factor 2. 
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Table 3. 


Dial Pulse Rate Selection DRS Vss 
Vop 


Inter-Digit Pause Selection IPS Vop 










Selection 







(f/240) pps 
(f/120) pps 










Mark/Space Ratio M/S Vise 33-1/3/66-2/3 
ve | 40/60 
On Hook/Off Hook Vpp On Hook 
SS Off Hook 


Note: f is the oscillator frequency. 
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Timing 


LOOP CURRENT 
DIAL PULSES | | | | | | | | 
oe apace | 


| 
| 
| 





Switch Matrix Interface 


M2560A 


S-6218/1 
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ADVANCE DATA 


CMOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT 


@® OPERATION FROM 2.5V TO 6V SUPPLY 


@® STATIC STANDBY OPERATION DOWN 
TO 1.8V 


@® LOW CURRENT CONSUMPTION; TYP. 40uA 


@ LOW STATIC STANDBY CURRENT; TYP. 
1A 


® ON-CHIP OSCILLATOR FOR 3.58MHz CRYS- 
TAL 


@ 23-DIGIT CAPACITY, INCLUDING ACCESS 
PAUSES 


@ DIALLING PULSE FREQUENCY: 10Hz, 
(932Hz FOR TEST) | 


@® DIALLING PULSE MARK/SPACE RATIO 
SELECTABLE: 1.5:1 OR 2:1 


@® CIRCUIT RESET FOR LINE POWER 
BREAKS (LONGER THEN 270ms) 


@ ACCESS PAUSE GENERATION AUTO- 
MATICALLY OR VIA THE KEYBOARD 


@ ACCESS PAUSE RESET: AUTOMATI- 
CALLY, VIA THE KEYBOARD, WITH 
EXTERNAL TONE RECOGNISER 


@ MAXIMUM DURATION OF ACCESS PAUSE 
SELECTABLE: 3s OR 6s 


@ MAXIMUM NUMBER OF ACCESS PAUSES 
SELECTABLE: 0, 1 OR 2 


® ALL INPUTS WITH PULL-UP/PULL-DOWN 
(EXCEPT CE) 


DESCRIPTION 


The M3326 is a single chip silicon-gate CMOS 
integrated circuit. It is intended to convert 
pushbutton keyboard entries into streams of 
correctly-timed line current interruptions. The 
input data is derived from a telephone keyboard 
with a 3x4 pushbutton matrix. Numbers with up 
to 23 digits can be retained in a RAM for redial. 
Access pauses can be stored automatically or via 
the keyboard. 

The M3326 is available in 18 pin dual in-line 
plastic package. 


DIP-18 Plastic (0.25) 
ORDERING NUMBER: M3326 B1 


PIN CONFIGURATION 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 
Operating temperature range -25 to +70 
Storage temperature range -55 to +125 


Stresses above those listed under ‘Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stresses ratings only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions to extended 
periods may be affect device reliability. 
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PIN DESCRIPTION 


| Symbol | Function | 
Positive supply. 
Negative supply. 


Access Pause Delay; selects the maximum duration of an access pulse. 


Number of Access Pauses; senses three input states: Vopp, Vpp;e2, Vss; limits 
the number of automatically stored access pause to 0, 1 or 2; if switched to 
Vss it terminates an automatic or manual access pause. 


SUPPLY 













Controls the mark-to-space ratio of the line pulses. 


Chip Enable; used to initialize the system; to select between the operational 
mode and the static standby mode; to handle line power breaks. 


Column keyboard inputs with pull-down or chip. 
Row keyboard inputs with pull-up on chip. 






CE 










X1, X2, X3 
Y1, ¥2, Y3, ¥4 


OUTPUTS 
Dialling Pulse; drive of the external line switching transistor or relay. 


Muting; used for muting during the dialling sequence. 


Input of the on-chip oscillator. 
Output of the on-chip oscillator. 





OSCILLATOR PINS 


OSC IN 
~ OSC OUT 
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Fig. 1 - Block Diagram 


OSC IN| OSC OUT 




















PROGRAMMABLE TIMIN 








Ci 











24 x 4BIT 
RAM 





INPUT/ 
OUTPUT 


OUTPUT 
COUNTER 


OP 







TIMING CHARACTERISTICS (Vpp = 2.5 to 6V; Vs5 = 







Dialling pulse frequency 
Dialling pulse period 
Clock pulse frequency 


Break time (note 1) 
Make time (note 1) 
Break time (note 2) 
Make time (note 2) 


Inter-digit pause 
Reset delay time 
Access pause time 
Access pause time 
Delay last digit last 
pulse to M1 
Debounce time 
Min. 

Max. 

Clock start-up time 
Initial data entry time (Typ.) 


Mark-to-space ratio = 1.5: 1 
Mark-to-space ration = 2:1 


pull-down current 


£14 
2. 
Si 
4. 


ADORESS 
DECODER 


Parameter 



















READ 
ADDRESS 


Tr 
ADORESS CONT! 
















ROL 
ic 


SELECT G 


i 


WRITE 
ADDRESS 
COUNTER 




















KEYBOARD DECODER Cae piece 








X11 -X20«OX3s¥ 


Y2, Y3 Y4 APD S-8996 


0; fose = 3.579545MHz) 







Conditions 
(Note 3) 





Unit 










































1/Tpp Hz 

1/fpp ms 
30xfpp Hz 
3/5xTpp ms 
2/5xTpp ms 
2/3xTpp ms 
1/3xTpp ms 
8xTpp ms 
8/3xTpp ms 
32xTpp $ 
64xTpp S$ 
1/3xTpp ms 
















4/30xTpp 
1/6xTpp 







(note 4) 





ton tte 





In the NC (not connected) condition, the input is drawn to the appropriate state by the internal pull-up/ 


After CE: Vssg > Vpp. Stray capacitance between pins 8 and 9 < 3pF. 
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ELECTRICAL CHARACTERISTICS (Vp, = 3V; Vss = 0; crystal parameters: fs. = 3.58MHz, 


Remax = 1002 (note 3); Tamp = 25°C; unless otherwise specified) 


sso] _reome vena [wm [| we | 


Vppo | Standby supply voltage Tamb = -25 to +70°C V 
(note 1) 
ar ae 











Operating supply current CE=Vpp; notes 2, 3 


LA 


Standby supply current CE =Vss; note 2 : 2 
Vpop =1.8V 2 LA 


Input leakage current; CE CE = Vss nA 
OW 


A 
“s : 
MATRIX KEYBOARD OPERATION 


Ik Keyboard current X connected to Y 
CE = Vpp 
Keyboard “ON” resistance | Contact ON; note 4 
Keyboard ‘‘OFF” resistance Contact OFF; note 4 


OTHER KEYBOARD OPERATION 





















HIGH 







Pull-up input current 
APD 

NAP 
Pull-down input current 


FO1, M/S 
NAP 







Input current for X, “ON” V,= 1.5 to 3V ease 
Input current for Y, “OFF” | V,;=0 to 2.5V 


Mt, DP Output 
Sink current 


Source current 





. Vpopo = 1.8V only for redial 

. All other inputs and outputs open 

. Stray capacitance between pins 8 and9 < 3pF 
. Guarantees correct keyboard operation 


RON 
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FUNCTIONAL DESCRIPTION 


CLOCK OSCILLATOR 

The time base for the M3326 is a crystal con- 
trolled on-chip oscillator which is completed 
only connecting a crystal between the OSC IN 
and OSC OUT pins. The oscillator is followed by 
a frequency divider of which the division ratio 
can be externally set (F01) to provide the normal 
clock frequency or the higher test frequency. 
Alternatively, the OSC IN input may be driven 
from an external clock signal. 


CHIP ENABLE (CE) 
The CE input is used to initialize the chip system. 


CE = LOW provides the static standby condi- 
tion. In this mode the clock oscillator is off and 
internal registers are clamped reset with the 
exception of the WRITE ADDRESS COUNTER 
(WAC). The keyboard input is inhibited, but data 
previously entered is saved in the RAM. Input 
pull-up and pull-down devices are switched off. 


When CE = HIGH the clock oscillator is ope- 
rating, the internal registers are enabled and data 
can be entered from the keyboard. 


If the CE input is taken to a LOW level for 
more than the time trd (see Figs. 4 and 5 and 
timing data) an internal reset pulse will be 
generated at the end of the trd period. The 
system is then in the static standby mode. 
Short CE pulses which duration is less tap will 
not affect the operation of the circuit. No 
reset pulses are then produced. | 


DEBOUNCING KEYBOARD ENTIRES 

The column keyboard inputs to the integrated 
circuit (X,) and the row keyboard inputs (Y,) 
are for direct connection to a3x4 single contact 
keyboard matrix (with or without common 
contact) as shown in Fig. 2, or to a double con- 
tact keyboard with a common left open (see 
Fig. 3). An entry is decoded into a 4-bit binary 
keycode by the keyboard decoder when one 
column input is connected to one row input or, 
when one column input is set HIGH and one 
row input is set LOW. Any other input com- 
binations will be judged to be not valid and 
will not be accepted. 


Valid inputs are debounced on the leading and 
trailing edges as shown in Fig. 4. Keyboard en- 
tries are only decoded into 4-bit binary keycodes 
and written into the RAM if the keyboard con- 








tact remains closed for four or five clock pulse 
periods (entry period te). The next keyboard 
entry will not be accepted until the previously 
closed contact has been open for three or four 
clock pulse periods. The one clock pulse period 
of uncertainty in the debouncing process arises 
because keyboard entries are not detected until 
the trailing edge of the first clock pulse after the 
entry. 


Fig. 2 - Single contact keyboard 





Fig. 3- Double contact keyboard (1) common 
(left open) 





# Redial 


* Access pause set 





FUNCTIONAL DESCRIPTION (continued) 


DATA STORAGE AND DATA RETRIEVAL 
After each keyboard entry has been debounced 
and decoded, the keycode is written into the 
RAM and the WAC is incremented by one to 
select the next RAM location where the next 
keycode will be stored. As each keycode is 
recalled from the RAM for line pulsing, the 
READ ADDRESS COUNTER (RAC) is incre- 
mented by one to select the RAM location of 
the next keycode to be recalled. Consequently, 
the difference between the contents of the WAC 
and of the RAC represents the number of key- 
codes that have been written into the RAM, 
but not yet converted into line pulses. 


if more than 23 keycodes are written into the 
RAM, memory overflow results and the excess 
keycode replaces the data in the lower numbered 
RAM locations. In this event, since an erroneous 
number is stored, automatic redialling is in- 
hibited until the WAC has been reset by the first 
digit entry of the next telephone call. 


If the first pushbutton to be pressed is not redial 


(# ), the WAC is reset during entry time te, the 
corresponding keycode is written into the 
first RAM location and the WAC is then incre- 
mented by one to select the next RAM location. 
Consequently, if the first pushbutton pressed is 
not redial, the data stored previously in the RAM 
cannot be redialled any more. 


If the first pushbutton is redial (#4), the WAC is 
not reset and the keycodes stored in the RAM 
are sequentially recalled and converted into cor- 
rectly timed dialling pulses at output DP. 

If the redial pushbutton (# ) is operated again 
during the redialling sequence it will be decoded 
as an Access Pause Reset. 

This function will be described later during the 
description of the access pause system of the 
M3326. During redial no keyboard entry will 
be accepted and stored in the RAM. But, when 
all in the RAM stored numbers have been pulsed 
out, new keyboard entry will be accepted, stored 
at the RAM position after the last digit code of 
the original entry and converted into correctly 
timed dialling pulses. 


Fig.4- Timing diagram showing clock start-up, keyboard entry debouncing and the effect of inter- 
rupting the supply to CE during the transmission of dialling pulses. 
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FUNCTIONAL DESCRIPTION (continued) 


DIALLING SEQUENCE 
The dialling sequence can be initiated under 
either of the following two conditions : 


— The supply to the integrated circuit is derived 
from the telephone lines via the cradle contacts 
(power supply before keyboard entry); see 
Fig. 5 


Then, approximately 4ms (tox) after CE goes 
HIGH, the clock pulse generator starts and the 
circuit is in the conversation mode whilst the 
subscriber awaits the dialling tone. When the 
first digit of the required number is entered at 
the keyboard, data entry period te commences. 


— The supply to the integrated circuit is derived 
from the telephone lines via the cradle contacts 
in series with a common keyboard contact 
(Fig. 6). 





When the first digit of the required number is 
entered at the keyboard, the common keyboard 
contact connects the line voltage to Vpp and CE 
becomes HIGH. Approximately 4ms (tox) after 
CE goes HIGH, the clock pulse generator starts 
and data entry period te commences. After 
period te, M1 goes HIGH and the pushbutton 
can be released. The supply to Vpp and CE is 
then maintained via the muting circuit con- 
trolled by M1. 


The further dialling sequence will be described 
with the aid of Fig. 5. When the keyboard entry 
has been decoded and written into the RAM, 
M1 goes HIGH to mute the telephone and 
an inter-difit pause (t,;,5) ensures. M2 then goes 
HIGH (M2 is an internally generated signal, used 
for explanation only), the RAC addresses the 
RAM and the first keycode is loaded into the 


Fig. 5 - Timing diagram of dialling sequence with Vpp and CE HIGH before keyboard entry (e.g. 
supply via the cradle contacts). M2 is an internal signal. 
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CONVERSATION 
$-9000 MODE 
(1) Oscillator off. 
All registers except WAC reset. 
Keyboard input inhibited. 


CONVERSATION 
MODE 


Number stored in RAM until Vpp < 1.8V. 
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FUNCTIONAL DECRIPTION (continued) 


register of the output counter which generates 
the appropriate number of correctly timed 
dialling pulses at output DP. When the digit has 
been pulsed out, M2 goes LOW, the RAC is in- 
cremented by one and the procedure repeats 
until the WAC and RAC contents are equal (all 
digits pulsed out). Output M1 then goes LOW, 
the circuit assumes the conversation mode. The 
circuit reverts to the static standby mode if CE 
goes LOW for more than the reset delay time tg 
at any time during the conversation or dialling 
mode (e.g. because the handset is replaced). CE 
remains LOW although Vpp is maintained by a 
back-up supply (e.g. because an external diode 
isolates CE from the back-up supply connected 
to Vpp). The RAM retains its contents for sub- 
sequent automatic redialling as long as the back- 
up supply maintains Vpp above Vopo = 1.8V. 


STORAGE AND REGENERATION OF ACCESS 
PAUSE 

A dial sequence may require an extended inter- 
digit pause, if a dial tone has to be awaited. 


During the keyboard entry whenever an access 
Pause is needed a pause code can be stored in 
the RAM either automatically or via the key- 
board for a later redial sequence. When an access 
pause is regenerated during redialling it can be 
terminated either automatically after a built-in 
delay time or via the keyboard or with an ex- 
ternal dial tone recognizer circuit. 


A pause code takes one position in the RAM like 
a digit. The number of digits plus the number of 
access pauses can therefore be up to 23. 


Fig.6- Timing diagram for initiating the dialling mode with Vpp and CE initially supplied | via the 
cradle contacts in series with a common contact on the keyboard. 
See Fig. 6 for pulse timings after point A. M2 is an internal signal. 
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FUNCTIONAL DESCRIPTION (continued) 


AUTOMATIC PAUSE 

An access pause code is stored in the RAM 
automatically during original entry. When M1 
goes LOW after all digits so far entered have been 
transmitted (see Fig. 5). This occurs between 
entering of the trunk exchange code and the 
subscriber code, whilst the access tone is awaited. 
An access pause code can be stored in this way 
after any digit. The maximum number of auto- 
matic access pause codes that can be stored is 
limited to two, one or no pause depending on the 
state of input NAP: 


NAP = Ves: no pause 
NAP not connected: 2 pauses 
NAP = Vpp: one pause 


lI 


During the redial sequence the access pauses 
will be automatically regenerated. When an 
access pause code is read from the RAM, the 
normal inter-digit pause with a duration typ is 
extended by an access pause. There are three 
methods of terminating a regenerated access 
pause: 


— automatically, if the built-in time tap expires. 


— manually be pressing any key before tap 
expires. 


— with an external tone recognizer by switching 
NAP to Vss for shortening an access pause. 


The built-in time tap for automatic termination 
of the access pause can be set to one of two 
values with the APD select input (see timing 
characteristics). 


MANUAL PAUSE 

Access pause codes can be stored in the RAM at 
appropriate positions by pressing the access 
pause key (* key). They can be stored in ad- 
dition to automatic pause codes. A manual 
pause code can be stored after any digit. The 
maximum number of manual pause codes is not 
limited. The storage of two consecutive manual 
pause codes is inhibited. 


During the redial sequence the manually stored 
pause codes will automatically generate pause. 
The duration of the manual pause is unlimited. 
Whenever a manual pause code is read from the 
RAM, the normal inter-digit pause is extended 
until it is terminated by one of two methods: 


— manually by pressing any key; 


— with an external tone recognizer by switch- 
ing NAP to Vss 


Fig. 7 - Dialling sequence showing how an access pause code is automatically stored in the RAM for 
possible redialling if no further key entries are made until all of the previously entered digits 
have been transmitted. The dialling sequence continues when another key is pressed. 
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(1) If there are no further key entries before this instant, M1 goes LOW after ty and an access pause keycode is 


written into the RAM. 


(2) Dialling sequence restarts when another key is pressed. 











SUMMARY OF SPECIAL KEYBOARD FUNC- 
TIONS 


Key *: Inserts a manual pause code, if acti- 
vated after a number key. 
Key # : Starts the redial sequence, if activated 


as first key. 


Any key: Terminates an automatic or a manual 
pause if activated during the pause. 


STATIC STANDBY OPERATION 

CE = LOW turns off the oscillator and resets 
all internal registers with the exception of the 
WRITE ADDRESS COUNTER and the RAM. 
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All input pull-up and pull-down devices are 
switched off. The current consumption is reduced 
in this conditions such that the supply voltage 
required to hold the data stored in the RAM 
can be provided by a capacitor. Data retention 
of 45 minutes is possible with a capacitor of 
2.200uUF, it is supplies an initial Vpp of 3.5V. 


A power-on-reset circuit triggering on the rising 
slope of Vpp ensures that the redial function 
is inhibited after the supply voltage had decayed 
to a value at which data retention in the RAM 
could not be guaranteed any more. 





ADVANCE DATA 


CMOS INTERRUPTED CURRENT-LOOP DIALLING CIRCUIT 


@ OPERATION FROM 2.5V TO 6V SUPPLY 


@® STATIC STANDBY OPERATION DOWN 
TO 1.8V 


~ @ LOW CURRENT CONSUMPTION; TYP. 40uA 


@ LOW STATIC STANDBY CURRENT; TYP. 
1uA 


@ ON-CHIP OSCILLATOR FOR 455KHz RES- 
ONATOR 


@ LAST NUMBER REDIAL FUNCTION DIP-18 Plastic (0.25) 
@ 23-DIGIT CAPACITY, INCLUDING ACCESS ORDERING NUMBER: M3327 B1 
PAUSES 


@ DIALLING PULSE FREQUENCY SELEC- 
TABLE: 10Hz, 20Hz OR 932Hz 


@® DIALLING PULSE MARK/SPACE RATIO 
SELECTABLE: 1.5:10R2:1 PIN CONFIGURATION 


@® CIRCUIT RESET FOR LINE POWER 
BREAKS GREATER THAN 270ms. 


@ ACCESS PAUSE GENERATION AUTO- 
MATICALLY OR VIA THE KEYBORAD 


@® ACCESS PAUSE RESET: AUTOMATI- 
CALLY, VIA THE KEYBOARD, WITH 
EXTERNAL TONE RECOGNISER 


@ MAXIMUM DURATION OF ACCESS PAUSE 
SELECTABLE: 2.7s, 5.5s OR INFINITE 


@ MAXIMUM NUMBER OF ACCESS PAUSES 
SELECTABLE: 0, 1 OR 2 


@ ALL INPUTS WITH PULL-UP/PULL-DOWN 
(EXCEPT CE AND OSC IN) 


DESCRIPTION 


The M3327 is a single chip silicon-gate CMOS 
integrated circuit. It is intended to convert 
pushbutton keyboard entries into streams of 
correctly-timed line current interruptions. The 
input data is derived from a telephone keyboard 
with a 3x4 pushbutton matrix. Numbers with up 
to 23 digits can be retained in a RAM for redial. 
Access pauses can be stored automatically or via 
the keyboard. 

The M3327 is available in 18 pin dual in-line 
plastic package. 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stresses ratings only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions to extended 
periods may be affect device reliability. 

















PIN DESCRIPTION 


| Symbol | Function | 


SUPPLY 


Positive supply. 


Negative supply. 





INPUTS 


















APD 
NAP 





Access Pause Delay; selects the maximum duration of an access pulse. 


Number of Access Pauses; senses three input states: Vop, Vpp/2, Vss; limits 
the number of automatically stored access pauses to O, 1 or 2; if switched to 
Vsg it terminates an automatic or manual access pause 











M/S 
FO1 
CE 


Controls the mark-to-space ratio of the line pulses. 
Test input; used to speed up all frequencies and timing signals. 





Chip Enable; used to initialize the system; to select between the operational 
mode and the static standby mode; to handle line power breaks. 








X1, X2, X3 
Y1, Y2, Y3, Y4 


OUTPUTS 


Column keyboard inputs with pull-down or chip. 





Row keyboard inputs with pull-up on chip. — 


Dialling Pulse; drive of the external line switching transistor or relay. 
M1 Muting; used for muting during the dialling sequence. 


OSCILLATOR PINS 
OSC IN Input of the on-chip oscillator. 


OSC OUT Output of the on-chip oscillator. 
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Fig. 1 - Block Diagram 


OSC IN OSC OUT 


OSCILLATOR PROGRAMMABLE eee 


DIVIDER Lo ple 


READ 
ADDRESS 
COUNTER 


24x4BIT | ADDRESS ADDRESS. CONTROL 
RAM DECODER setecT. [W———_1 ‘tosic 


WRITE 


C—) ADDRESS: “KO 


COUNTER 








INPUT/ 
OUTPUT 


= J 
Ea KEYBOARO DECODER ee Ed 
Soe a 





TIMING CHARACTERISTICS (Vop = 2.5 to 6V; Vss = 0; fore = 455KHz) 


Dialling pulse frequency 1/Tpp 
Dialling pulse period 1/fpp 
Clock pulse frequency 30xfpp 
Break time (note 1) 2/3xTpp 
Make time (note 1) 1/3xT pp 
Break time (note 2) 3/5xTpp 
Make time (note 2) 2/5xTpp 
Inter digit pause 8xTppttmy 
Reset delay time 8/3xTpp 
Access pause time 27xTppxtm 
Access pause time 54xTppttm 
Access pause time oo 


Delay last digit 1/3xTpp 
last pulse to M1 
Debounce time: 
Min. 4/30xTpp 

Max. 1/6xTpp 

Clock start-up-time (note 4) 

Initial data entry time tontte 

(Typ.) 

Mark-to-space ratio = 2:1 

Mark-to-space ratio = 1.5:1 

In the NC (not connected) condition, the input is drawn to the appropriate state by the een pull-up/ 


pull-down current. 
After CE: Vss ~ Vpp. Stray capacitance between pins 8 and9 < 3pF. 








NOTES: 


£ WN = 
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ELECTRICAL CHARACTERISTICS (Vpp = 3V; Vsg = 0; resonator parameters, fose = 455K Hz, 


(note 3); Tamb = 25°C; unless otherwise specified) 







| Vop | Operating supply voltage Tamb = 725 to +70°C 


Vppo ran supply voltage Tamb = -25 to +70°C 
(note 1) 


CE = Vpp: notes 2, 3 











Operating supply current 





Standby supply current CE = Vss note 2 


Vpop = 1.8V 
Tamb = -25 to +70°C 


Vin Input voltage LOW 1.8V < Vpp < 6V 
Vin Input voltage HIGH 1.8V < Vpp < 0.7 Vpop 


li Input leakage current; CE 
LOW 


HIGH 
Pull-up input current M/S V, = Vss - a 
FO1, APD, NAP 
rs) Pull-down input current Vi = Vppb . Re) MA 
FO1, APD, NAP 


MATRIX KEYBOARD OPERATION 


Keyboard current X connected to Y 
CE = Vpp 


RKon_ | Keyboard “ON” resistance contact contact ON; noted note 4 is ee er 
Keyboard “‘OFF”’ resistance contact OFF; note 4 Poa ff | me | 


OTHER KEYBOARD OPERATION 


[inn [Woutewreniorxyvon” [viriswav «| —*«Y«dY | aa 
[nc [renemnirvarorre [wiewaey [wf Tan 
LC 
fa feecaer [er 
Sink current 

[ow lewerawren [Yowsaey | 08 | 


- Vppo = 1.8V only for redial 

. All other inputs and outputs open 

. Stray capacitance between pins 8 and9 < 3pF 
. Guarantees correct keyboard operation 



































BWN—= 
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FUNCTIONAL DESCRIPTION 


CLOCK OSCILLATOR 

The time base for the M3327 is an on-chip 
oscillator which is completed only by connecting 
a ceramic resonator between the OSC IN and 
OSC OUT pins. The oscillator is followed by 
a frequency divider of which the division ratio 
can be externally set (FO1) to provide the normal 
clock frequency or the higher test frequency. 
Alternatively, the OSC IN input may be driven 
from an external clock signal. 


CHIP ENABLE (CE) 
The CE input is used to initialize the chip system. 


CE = LOW provides the static standby condition. 
In this mode the clock oscillator is off and in- 
ternal registers are clamped reset with the ex- 
ception of the WRITE ADDRESS COUNTER 
(WAC). The keyboard input is inhibited, but data 
previously entered is saved in the RAM. 


When CE = HIGH the clock oscillator is oper- 
ating, the internal registers are enabled and data 
can be entered from the keyboard. 


If the CE input is taken to a LOW level for more 
than the time tap (see Fig. 5 and 6 and timing 
data) an internal reset pulse will be generated at 
the end of the trp period. The system is then 
in the static standby mode. Short CE pulses of 
less than tep will not affect the operation of 
the circuit. No reset pulses are then produced. 


DEBOUNCING KEYBOARD ENTRIES 

The column keyboard inputs to the integrated 
circuit (X,) and the row keyboard inputs (Y,) 
are for direct connection to a 3x4 single contact 
keyboard matrix (with or without common 
contact) as shown (in Fig. 2, or to a double 
contacts keyboard with a common left open 
(see Fig. 3). An entry is decoded into a 4-bit 
binary keycode by the keyboard decoder when 
one column input is connected to one row input 
or, when one column input is set HIGH and one 
row input is set LOW. Any other input com- 
binations will be judged to be not valid and will 
not be accepted. : 


Valid inputs are debounced on the leading and 
trailing edges as shown in Fig. 4. Keyboard en- 
tries are only decoded into 4-bit binary keycodes 
and written into the RAM if the keyboard con- 
tact remains closed for four or five clock pulse 








periods (entry period te). The next keyboard 
entry will not be accepted until the previously 
closed contact has been open for three or four 
clock pulse periods. The one clock pulse period 
of uncertainty in the debouncing process arises 
because keyboard entries are not detected until 
the trailing edge of the first clock pulse after 
the entry. 


Fig. 2 - Single Contact Keyboard 





Fig. 3- Double Contact Keyboard 





# Redial 


* Access pause set 








FUNCTIONAL DESCRIPTION (continued) 


DATA STORAGE AND DATA RETRIEVAL 
After each keyboard entry has been debounced 
and decoded, the keycode is written into the 
RAM and the WAC is incremented by one to 
select the next RAM location where the next 
keycode will be stored. As each keycode is 
recalled from the RAM for line pulsing, the READ 
ADDRESS COUNTER (RAC) is incremented 
by one to select the RAM location of the next 
keycode to be recalled. Consequently, the dif- 
ference between the contents of the WAC and 
of the RAC represents the number of keycodes 
that have been written into the RAM, but not 
yet converted into line pulses. 


If more than 23 keycodes are written into the 
RAM, memory overflow results and the excess 
keycodes replace the data in the lower numbered 
RAM locations. In this event, since an erroneaus 
number is stored, automatic redialling is inhibited 
until the WAC has been reset by the first digit 
entry of the next telephone call. 


If the first pushbutton to be pressed is not Redial 


(#), the WAC is reset during entry time te, the 
corresponding keycode is written into the first 
RAM location and the WAC is then incremented 
by one to select the next RAM location. Con- 
sequently, if the first pushbutton pressed is not 
redial, the data stored previously in the RAM 
cannot be redialled any more. 


If the first pushbutton is redial (#4), the WAC is 
not reset and the keycodes stored in the RAM 
are sequentially recalled and converted into cor- 
rectly timed dialling pulses at output DP. 

If the redial pushbutton (#) is operated again 
during the redialling sequence it will be decoded 
as an Access Pause Reset. This function will be 
described later during the description of the 
access pause system of the M3327. During redial 
no keyboard entry will be accepted and stored 
in the RAM. But, when all numbers stored in 
the RAM have been pulsed out, new keyboard 
entry will be accepted, stored at the RAM 
position after the last digit code of the original 
entry and converted into correctly timed dialling 
pulses. 


Fig. 4 - Timing diagram showing clock start-up, keyboard entry debouncing and the effect of inter- 
rupting the supply to CE during the transmission of dialling pulses. 
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a) 
(2) ——— 











RD 
CE | ae 
t 
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FURTHER KEY 
ENTRIES CAN BE 
KEYBOARD ENTRY |/ ACCEPTED 
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NOISE 
DECODED DIALLED DIGIT 
WRITTEN INTO RAM 
DEBOUNCED RITTE 
KEYBOARD 
ENTRY — Pere reeee oe 
E MIN 
TE MAX 

be ees WM 


Note: CL and M2 are internal signals 


(1) Static Standby Mode 
(2) Dialling Mode 


$- 8999 





DIGIT PULSES 


BEING DIALLED 
M4 
woo 


ZA = High or Low 


FUNCTIONAL DESCRIPTION (continued) 


DIALLING SEQUENCE 
The dialling sequence can be initiated under 
either of the following two conditions: 


— The supply to the integrated circuit is derived 
from the telephone lines via the cradle con- 
tacts (power supply before keyboard entry); 
see Fig. 5. 


Then approximately 4ms (ton) after CE goes 
HIGH, the clock pulse generator starts and the 
circuit is in the conversation mode whilst the 
subscriber awaits the dialling tone. When the 
first digit of the required number is entered at 
the keyboard, data entry period te commences. 


— The supply to the integrated circuit is derived 
from the telephone lines via the cradle con- 
tacts in series with a common keyboard 
contact. (Fig. 6). 





When the first digit of the required number is 
entered at the keyboard, the common keyboard 
contact connects the line voltage to V5p and CE 
becomes HIGH. Approximately 4ms (tox) after 
CE goes HIGH, the clock pulse generator starts 
and data entry period te commences. After 
period te, M1 goes HIGH and the pushbutton 
can be released. The supply to Vpbp and CE is 
then maintained via the muting circuit controlled 
by M1. 


The further dialling sequence will be described 
with the aid of Fig. 5. When the keyboard entry 
has been decoded and written into the RAM, M1 
goes HIGH to mute the telephone and an inter- 
digit pause (t,p) ensured. M2 then goes HIGH (M2 
is an internally generated signal used for explana- 
tion only), the RAC addresses the RAM and the 
first keycode is loaded into the register of the 


Fig. 5 - Timing diagram of dialling sequence with Vpp and CE = HIGH before keyboard entry (e.g. 
supply via the cradle contacts). M2 is an internal signal. 
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All registers except WAC reset. 
Keyboard input inhibited. 
Number stored in RAM until Vpp < 1.8V. 


501 








FUNCTIONAL DESCRIPTION (continued) 


output counter which generates the appropriate 
number of correctly timed dialling pulses at 
output DP. When the digit has been pulsed out, 
M2 goes LOW, the RAC is incremented by one 
and the procedure repeats until the WAC and 
RAC contents are equal (all digits pulsed out). 


Output M1 then goes LOW, the circuit assumes 
the conversation mode. The circuit reverts to the 
static standby mode if CE goes LOW for more 
then the reset delay time trp at any time during 
the conversation or dialling mode (e.g. because 
the handset is replaced). CE remains LOW 
although Vpp is maintained by a back-up supply 
(e.g. because an external diode isolated CE from 
the back-up supply connected to Vpp). The RAM 
retains its contents for subsequent automatic 
redialling as long as the back-up supply maintains 
Vop above Vpopo = 1.8V. 


Fig.6 - Timing diagram for initiating the dialling mode with Vpp and CE initially supplied via the 


STORAGE AND REGENERATION OF ACCESS 


PAUSES 


A dial sequence may require an extended inter- 
digit pause, if a dial tone has to be awaited. 
During the keyboard entry, whenever an access 
pause, is needed a pause code can be stored in 
the RAM either automatically or via the key- 
board for the later redial sequence. When an 
access pause is regenerated during radialling it 
can be terminated either automatically after a 
built-in delay time or via the keyboard or with 


an external dial tone recognizer circuit. 


A pause code takes one position in the RAM like 
a digit. The number of digits plus the number 


of access pauses can therefore be up to 23. 


cradle contacts in series with a common contact on the keyboard. 
See Fig. 6 for pulse timings after point A. M2 is an internal signal. 
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FUNCTIONAL DESCRIPTION (continued) 


AUTOMATIC PAUSE 

An access pause code is stored in the RAM auto- 
matically during original entry, when M1 goes 
LOW after all digits so far entered have been trans- 
mitted (see Fig. 5). This occurs between entering 
of the trunk exchange code and the subscriber 
code, whilst the access tone is awaited. An access 
pause code can be stored in this way after any 
ditit. The maximum number of automatic access 
pause codes that can be stored is limited to two, 
one or no pause depending on the state of input 
NAP: 


NAP Vos: No pause 
NAP not connected: 2 pauses 
NAP = Vpp: one pause 


During the redial sequence the access pauses will 
be automatically regenerated. When an access 
pause code is read from the RAM, the normal 
inter-digit pause with a duration t;p is extended 
by an access pause. There are three methods of 
terminating a regenerated access pause: 


— automatically, if the built-in time tap expires. 

— manually by pressing any key before tap 
expires. 

— with an external tone recognizer by switching 
NAP to Vss for shortening an access pause. 





The built-in time tap for automatic termination 
of the access pause can be set to one of two 
values with the APD select input (see timing 
characteristics). 


MANUAL PAUSE 

Access pause codes can be stored in the RAM at 
appropriate positions by pressing the access 
pause key (" key). They can be stored in ad- 
dition to automatic pause codes. A manual pause 
code can be stored after any digit. The maximum 
number of manual pause codes is not limited. 
Consecutive manual pause codes will generate 
a single during redial. 


During the redial sequence the manually stored 
pause codes will automatically generate pauses. 
The duration of the manual pause is unlimited. 
Whenever a manual pause code is read from the 
RAM, the normal inter-digit pause is extended 
until it is teminated by one of two methods: 


— manually by pressing any key 


— with an external tone recognizer by a negative 
transition at NAP (n.c. > Vss or Vpp > Véss). 


Fig. 7 - Dialling sequence showing how an access pause code si automatically stored in the RAM for 
possible redialling if no further key entries are made until all of the previously entered digits 
have been transmitted. The dialling sequence continues when another key is pressed. 
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(1) If there are no further key entries before this instant. M1 goes LOW after tp and an access pause keycode is 
written into the RAM. 


(2) Dialling sequence restarts when another key is pressed. 
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FUNCTIONAL DESCRIPTION (continued) 


Fig. 8 - Timing diagram showing Access Pause Reset 


DIALLING 
TONE 


DIALLING MODE 


S$- 9013 


(1) An automatic access pause: 
— expires after tap 

— can be terminated by pressing any key before end of tap 
— can be terminated by switching NAP to Vcc before end of tap 


SUMMARY OF SPECIAL KEYBOARD FUNC- 
TIONAL 


Key x —: Inserts amanual pause code, if activated 
after a number key. 

Key # : Starts the redial sequence, if activated 
as first key. 

Any key: Terminates an automatic or a manual 


pause if activated during the pause. 


STATIC STANDBY OPERATION 

CE = LOW turns off the oscillator and resets all 
internal registers with the exception of the 
WRITE ADDRESS COUNTER and the RAM. 


Fig. 9 - Pull-down input cur- 
rent versus input voltage at 
Vpop = 3V 

(Input M/S, F01) 


G-§987 





CONVERSATION 





Fig. 10 - Pull-down input 
current versus supply volt- 
age at Vi = Vop, CE = Vpp 
(Input M/S, FO1) 


MUTE 


DIALLING MODE 
MODE 
A manual access pause 
— can be terminated by pressing any key 
— can be terminated by switching NAP to Vss 


All input pull-up and pull-down devices are 
switched off. The current consumption is re- 
duced in this condition such that the supply 
voltage required to hold the data stored in the 
RAM can be provided by a capacitor. Data reten- 
tion of 45 minutes is possible with a capacitor 
of 2.200uF, if it supplies an initial Vop of 3.5V. 


A power-on-reset circuit triggering on the rising 
slope of Vpp ensures that the redial function is 
inhibited after the supply voltage had decayed to 
a value at which data retention in the RAM could 
not be guaranteed any more. 


Fig. 11 - Pull-up input cur- 
rent versus input voltage at 
Vpop = 3V 
(Input APD) 
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Fig. 12 - Pull-up input cur- Fig. 13 - Input charac- Fig. 14 ~ Keyboard input 


rent versus supply voltage at teristics for NAP at Vpp = characteristics at CE = Vop 
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Fig. 15 - Internal input and output configurations. The schematics show the principle of the circuitry. 
The integrated protection devices are not shown here. 
During STANDBY = 1, BIAS1 is switched to Vsg and BIAS2 to Vpp 
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u-255 LAW COMPANDING CODEC 


@® +5V POWER SUPPLY 
LOW POWER DISSIPATION -30mW (TYP.) 


@ FOLLOWS THE u-255 LAW COMPANDING 
CODE 


@® EXCEEDS D3 CHANNEL BANK TRANS- 
MISSION SPECIFICATIONS 


@® SYNCHRONOUS OR ASYNCHRONOUS 
OPERATION 


@ ON-CHIP SAMPLE AND HOLD 


@ ON-CHIP OFFSET NULL CIRCUIT ELIM- 
INATES LONG-TERM DRIFT ERRORS 
AND NEED FOR TIMMING 


@ SINGLE 16-PIN PACKAGE 


@ MINIMAL EXTERNAL CIRCUITRY RE- 
QUIRED 


@ SERIAL DATA OUTPUT OF 64Kb/s - 2.1 
Mb/s AT 8KHz SAMPLING RATE 


@® SEPARATE ANALOG AND DIGITAL 
GROUNDING PINS REDUCE SYSTEM 
NOISE PROBLEMS 


DESCRIPTION 


The M5116 is a monolithic CMOS companding 
CODEC which contains two sections: (1) An 
analog-to-digital converter which ahs a transfer 
characteristic conforming to the u“-255 law com- 
panding code and (2) a digital-to-analog con- 
verter which also conforms to the u-255 law code. 
These two sections form a coder-decoder which 
is designed to meed the needs of the telecom- 
munications industry for per-channel voice-fre- 
quency codecs used in D3 channel bank and PBX 
systems. Digital input and output are in serial 
format. Actual transmission and reception of 
8-bit data words containing the analog informa- 
tion is done at a 64KB/s-2.1MB/s rate with 
analog signal sampling occurring at an 8KHz rate. 
A sync pulse input is provided for synchronizing 
transmission and reception of multichannel 
information being multiplexed over a single 
transmission line. 
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DIP-16 F Ceramic Frit-seal 


ORDERING NUMBERS: M5116 F1 


PIN CONFIGURATION 


ANALOG INPUT 16 


‘VREF 

15 Vrer 

14 ANALOG GROUND 

13. ANALOG OUTPUT 
MASTER CLOCK 12 DIGITAL INPUT 
XMIT SYNC 11 DIGITAL GROUND 
XMIT CLOCK 10 RCV CLOCK 


DIGITAL OUTPUT 9 RCV SYNC 
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ABSOLUTE MAXIMUM RATINGS 


a 
+6 


DC Supply Voltage, V+ V 
DC Supply Voltage, V- V 
Operating Temperature range 

Storage Temperature range -55 to +125 


Package Dissipation at 25 C (Derated 9mW/°C when 
soldered into PCB) 


Digital Input -0.5 <5 Vin S V+ 
Analog Input V- S Vin S V+ 
+Veer -0.5<S +Vpee S V+ 
-VREF V~<-Vper S +0.5 
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Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may cause permenent damaged to the device. This is a 
stress rating only and functional operation of the device at these or any other condition above those indicated in the 
operational sections of this specifications is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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POWER SUPPLY REQUIREMENTS 


Values 
Parameter 
CBE te 
V+ Positive Supply Voltage 5.25 Le 
V- Negative Supply Voltage | 625 | 50 -4.75 ae 






+V REF Positive Reference Voltage 2.375 2.625 V 
-VrReEF Negative Reference Voltage -2.625 -2.5 


DC CHARACTERISTICS (Test conditions: V+ = 5.0V, V-= -5.0V, +Vper= 2.5V, -Veee=-2.5V) 


Parameter 


Typ. 


















Rinas Analog Input Resistance During Sampling 


RinANS Analog Input Resistance Non-Sampling 100 


a 
3 ae] = x 








Cina Analog Input Capacitance 150 250 
VOFFSET/I Analog Input Offset Voltage +1 
RouTA Analog Output Resistance 20 


louTA Analog Output Current 0.25 
(VoFFSET/O) Analog Output Offset Voltage 


liNLOWw Logic Input Low Current (Vin= 0.8V) 
Digital Input, Clock Input, Sync Input 


< 


-200 +850 m 


+ 
jo) 
—_ 
I+ 
—, 
=) 

= 
> 


NINHIGH Logic Input High Current (V ;yy= 2.4V) 


Digital Input, Clock Input, Sync Input ae 


xo) 
7 


Coo Digital Output Capacitance 


IDOL Digital Output Leakage Current 
VouTLOw Digital Output Low Voltage 


+ 
° 
7 
5 3 


) fo) 
| giele 
+ 
co 


I+ 

hd 

—_ 
=> 
NO 


3 
> 


VouTHiGH Digital Output High Voltage 3.9 
I+ Positive Supply Current 
|— 


Negative Supply Current 


lREF+ Positive Reference Current 


lREF- Negative Reference Current 
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AC CHARACTERISTICS (Refer to Figure 3 and Figure 4) 


Parameter 
win [We 
Fu Master Clock Frequency Lom 1.544 2.1 
Fr, Fx XMIT, RCV. Clock Frequency 0.064 1.544 2.1 


1.5 
PWeLk Clock Pulse Width (MASTER, XMIT, RCV.) 200 i 
25% of 
PWeLk 
25% of 
PWoL_k 


tre, tec Clock Rise, Fall Time (MASTER, XMIT, RCV) 


ige; tee Sync Rise, Fall Time (XMIT, RCV.) _ 


toir, toile Data Input Rise, Fall Time 25% of 


8 


twsx,tws_ Sync Pulse Width (XMIT, RCV.) 


tps Sync Pulse Period (KMIT, RCV.) 


txes XMIT Clock-to-XMIT Sync Delay 50% of 
tec(trs) 


tween XMIT Clock-to-XMIT Sync (Negative Edge) 
elay 


txss XMIT Sync Set-Up Time 200 


tx pp XMIT Data Delay 


tx pp XMIT Data Present 
tx pt XMIT Data Three State 


Digital Output Fall Time 


Digital Output Rise Time 


tsrac RCV. Sync-to-RCV. Clock Delay 50% of 
trc(trs) 


traps RCV. Data Set-Up Time 
trpbH RCV. Data Hold Time 200 
tae RCV. Clock-to-RCV. Sync Delay 


trss RCV. Sync Set-Up Time 200 
tsao RCV. Sync-to<Analog Output Delay 


SLEW+ Analog Output Positive Slew Rate 
Analog Output Negative Slew Rate 


DROOP Analog Output Droop Rate 
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SYSTEM CHARACTERISTICS (Refer to Figures 10 and 11) 


Parameter 


Signal-to-Distortion Ratio | Analog Input = 0 to -30 dBmO 


Analog Input = -40 dBmO ce 
Analog Input = -45 dmO dB 


Test conditions 


Gain Tracking 


Analog Input = +3 to -37 dBmO ‘ : dB 
Analog Input = -37 to -50 dBmO 5 a 


Analog Input = -50 to -55 dBmO 
Nic Idle Channel Noise Analog Input = 0 Volts 


TLP Transmission Level Point 600 2 





EQUIVALENT INPUT RESISTANCE 
CIRCUIT DURING SAMPLING 


Notes: 

1. +Vp_er and -V per¢ Must be matched with in +1% 
in order to meet system requirements. 

2. Sampling is accomplished by changing the in- 
ternal capacitor to within % LSB (< 300 nV) 
in 20 us. Therefore, the external source resistance 
must be 3k or less. The equivalent circuit during 





CODEC 
SAMPLE 





sampling is shown on the right. 


GATE 









3. The M5116 will! source current through an in- RESISTANCE 
ternal 6 kQ resistor to help pull up the TTL out- SOURCE . - 
put. When a transition from a‘'1” to a ‘’0” takes RESISTANCE <5KO 


place, the user must sink the '1"’ current until 
reaching the ''0” level. 

4. Driving one 74L or 74LS TTL load plus 30 pF 
with loH= -100 MA, loL= 500 LA. 

5. The first bit of data is loaded when Sync. and 
Clock are both ''1" during bit time 1 as shown on 
RCV, timing diagram. 

6. This delay is necessary to avoid overlapping 
Clock and Sync. 


S- 4453 


FUNCTIONAL DESCRIPTION 


Pin 1 — Analog Input 

Voice-frequency analog signals which are bandwidth-limited to 4 kHz are input at this pin. Typically, 
they are then sampled at an 8 kHz rate (Refer to Figure 1). The analog input must remain between 
+V rere and -Vpae_er for accurate conversion. 


Pin 5 — Master Clock 

This signal provides the basic timing and control signals required for all internal conversions. It does not 
have to be synchronized with RCV. SYNC, RCV, CLOCK, XMIT SYNC or XMIT CLOCK and is not 
internally related to them. 








FUNCTIONAL DESCRIPTION (continued) 


Fig. 1 - A/D, D/A conversion timing 
ja ee 125 usec | 
7 xmitsync — \ - 


=15-20usec 
SAMPLE AND HOLD 
SAMPLE TIME 


= 32 MASTER CLOCKS 





= 801.se¢ 
ENABLE SAR o/a SAR UPDATE 
SAR REQUIRES CONVERSIONS CONTINUES OUTPUT 
=128 MASTER CLOCKS REGISTER 
| =7 usec | 
RCV. SYNC 


/ ANALOG OUTPUT UPDATED 


_ Fig. 2 - Data input/output timing 


200ns Required For Data To Transfer 















XMIT -- From Master to Slave M5716 
Internal 
Clock DIGITAL 





XMIT SYNC 
X Valid Data 
XMIT CLOCK 
Required To Transfer Data 
RCV __»| lq 200ns From Master to Slave 


Internal 
Clock 


DIGITAL 


RCV. SYNC 
k— 50ns Required to Load Master 


X Valid Incoming Data 


Pin 6 — XMIT SYNC (Refer to Figure 3 for the Timing Diagram) 

This input is synchronized with XMIT CLOCK. When XMIT SYNC goes high, the digital output is acti- 
vated and the A/D conversion begins on the next positive edge of MASTER CLOCK. The conversion by 
MASTER CLOCK can be asynchronous with XMIT CLOCK. The serial output data is clocked out by 
the positive edges of XMIT CLOCK. The negative edge of XMIT SYNC causes the digital output to 
become three-state. XMIT SYNC must go low for at least 1 master clock prior to the transmission of the 
next digital word (Refer to Figure 7). 


Pin 7 — XMIT CLOCK (Refer to Figure 3 for the Timing Diagram) 

The on-chip 8-bit output shift register of the M5116 is unloaded at the clock rate present on this pin. 
Clock rates of 64 kHz - 2.1 MHz can be used for XMIT CLOCK. The positive edge of the INTERNAL 
CLOCK transfers the data from the master to the slave of a master-slave flip-flop (Refer to Figure 2). 
if the positive edge of XMIT SYNC occurs after the positive edge of XMIT CLOCK, XMIT SYNC will 
determine when the first positive edge of INTERNAL CLOCK will occur. In this event, the hold time 
for the first clock pulse is measured from the positive edge of XMIT SYNC. 


RCV. CLOCK 


internal Clock 
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FUNCTIONAL DESCRIPTION (continued) 
Fig. 3 - Transmitter section timing 


twsx 





2.4Vh \ 
1.4V 
XMIT SYNC 0.4V 


sl <+—tRS tFS = 


(XCSN 
(xcs | txss 





CHORD BIT STEP BIT STEP BIT STEP BIT 
LSB OF } 3RD LSB OF 2N0 LSB OF ise 
CHORD s STEP 

wn 


PCM DATA PRESENT 


INITIAL DATA 
NOT VALID 


Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 


Pin 9 — RCV. SYNC (Refer to Figure 4 for the Timing Diagram) 

This input is synchronized with RCV. CLOCK and serial data is clocked in by RCV. CLOCK. Duration 
of the RCV. SYNC. pulse is approximately 8 RCV. CLOCK periods. The conversion from digital-to- 
analog starts after the negative edge of the RCV. SYNC pulse (Refer to Figure 1). The negative edge of 
RCV. SYNC should occur before the 9th positive clock edge to insure that only eight bits are clocked in. 
RCV. SYNC must stay low for 17 MASTER CLOCKS (min.) before the next digital word is to be 
received (Refer to Figure 8). 


Pin 10 — RCV. CLOCK (Refer to Figure 4 for the Timing Diagram) 

The on-chip 8-bit shift register for the M5116 is loaded at the clock rate present on this pin. Clock rates 
of 64 kHz - 2.1 MHz can be used for RCV. CLOCK. Valid data should be applied to the digital input 
before the positive edge of the internal clock (Refer to Figure 2). This set up time, traps, allows the data 
to be transferred into the MASTER of a master-slave flip-flop. The positive edge of the INTERNAL 
CLOCK transfers the data to the SLAVE of the master-slave flip-flop. A hold time, tapi, is required 
to complete this transfer. If the rising edge of RCV. SYNC occurs after the first rising edge of RCV. 
CLOCK, RCV. SYNC will determine when the first positive edge of INTERNAL CLOCK will occur. In 
this event, the set-up and hold times for the first clock pulse should be measured from the positive 
edge of RCV. SYNC. 
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FUNCTIONAL DESCRIPTION (continued) 


Fig. 4 - Receiver section timing 


tWSR 
2.4V 





1.4V 
RCV SYNC 0.4V f 
tR'S tFS 

; tSRC 

RSS tRCS 
RCV 1 2 3 4 5 6 7 8 | 9 
CLOCK , / 

es — wiletec PWCLK PWCLK 
tRDH 
tRDS 


DIGITAL INPUT 


\\\CGEERANEASEA GEA SEAGIG 


tsao = 


UY 


ANALOG OUTPUT 


Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measuref from 1.4V. 


DIGITAL OUTPUTS 


Fig. 5 - A/D converter (u-Law Encoder) Fig. 6 - D/A converter (u-Law Decoder) 
transfer characteristic transfer characteristic 
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FUNCTIONAL DESCRIPTION (continued) 


Table 1 - Digital output code: u-Law 
Chord Code Chord Value Step Value 


1. 000 0.0 mV 0.613 mV 

2. 001 10.11 mV 1.226 mV 

ON) PS AON ee 1 011 0010=+70.8 mV+(2x4.90 mV) 
9. 100 151.7 mV 9.81 mV Sign Bit Chord Step Bits 

6. 101 313 mV 19.61 mV 

7. 110 637. mV 39.2 mV If the sign bit were a zero, then both plus signs 
8 111 1.284 mV 78.4 mV would be changed to minus signs. 


Pin 8 — Digital Output 

The M5116 output register stores the 8-bit encoded sample of the analog input. This 8-bit word is 
shifted out under control of XMIT SYNC and XMIT CLOCK. When XMIT SYNC is low, the DIGITAL 
OUTPUT is an open circuit.When XMIT SYNC is high, the state of the DIGITAL OUTPUT is determined 
by the value of the output bit in the serial shift register. The output is composed of a Sign Bit, 3 Chord 
Bits, and 4 Step Bits. The Sign Bit indicates the polarity of the analog input while the Chord and Step 
Bits indicate the magnitude. In the first Chord, the Step Bit has a value of 0.6 mV. In the second Chord, 
the Stem Bit has a value of 1.2 mV. This doubling of the step value continues for each of the six succes- 
sive Chords. Each Chord has a specific value and the Step Bits, 16 in each Chord, specify the displace- 
ment from that value (Refer to Table 1). Thus the output, which follows the u-255 law, has resolution 
that is proportional to the input level rather than to full scale. This provides the resolution of a 12-bit 
A/D converter at low input levels and that of a 6-bit converter as the input approaches full scale. The 
transfer characteristic of the A/D converter u-law Encoder)is shown in Figure 5. 


Pin 12 — Digital Input 

The M5116 input register accepts the 8-bit sample of an analog value and loads it under control of RCV. 
SYNC and RCV. CLOCK. The timing diagram is shown in Figure 4. When RCV. SYNC goes high, the 
M5116 uses RCV. CLOCK to clock the serial data into its input register. RCV. SYNC goes low to in- 
dicate the end of serial input data. The 8 bits of the input data have the same functions described for 
the DIGITAL OUTPUT. The transfer characteristic of the D/A converter (u-law Decoder) is shown in 
Figure 6. 


Pin 13 — Analog Output 

The analog output is in the form of voltage steps (100% duty cycle) having amplitude equal to the 
analog sample which was encoded. This waveform is then filtered with an external low-pass filter with 
sinx/x correction to recreate the sampled voice signal. 


Pins 16 and 15 — Positive and negative reference voltages (+V per and -Vee-) 


These inputs provide the conversion references for the digital-to-analog converters in the M5116. 
+Veer and -Veer must maintain 100 ppM/°C_ regulation over the operating temperature range. 
Variation of the reference directly affects system gain. 
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OPERATION OF DECODEC WITH 64 kHz XMIT/RCV. 


Clock Frequencies 
XMIT/RCV. SYNC must not be allowed to remain at a logic ’’1’’ state. XMIT SYNC is required to be at 
a logic ‘0’ state for 1 master clock period (min.) before the next digital word is transmitted. RCV. 


SYNC is required to be at a logic 0” state for 17 master clock periods (min.) before the next digital 
word is received (Refer to Figs. 7 and 8). 


Fig. 7 - 64 kHz operation, transmitter section timing 


oa ee Se eee ERE ENENRSN 25usec | 


XMIT SYNC 


sas 1 MASTER 

arid k— CLK = /<—— cLock 
PERIOD 

(MIN) 









CHORD BIT CHORD BIT CHORD BIT STEP BIT STEP BIT STEP BIT [\\/ SIGNE 


eg OE SNDAEECOE rego: MSB OF 3RD LSB OF 2ND LS6 OF Leave MSB 
CHORD CHORD CHORD STEP STEP STEP LY (One) 


PCM DATA PRESENT 


Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V 


Fig. 8 - 64 kHz operation, receiver section timing 


Le rite ere PIG Sec —_— 


RCV SYNC 






17 MASTER 


—| kK — PWoik ah penon? 





Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 
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Offset Null 

The offset null feature of the M5116 eliminates long-term drift errors and conversion errors due to tem- 
perature changes by going through an offset adjustment cycle before every conversion, thus guaranteeing 
accurate A/D conversion for inputs near ground. There is no offset adjust of the output amplifier be- 
Cause, since the output is intended to be AC - coupled to the external filter, the resultant DC error 
(Vorrset/o) will have no effect. The sign bit is not used to null the analog input. Therefore, for an 
analog input of 0 volts, the sign bit will be stable. 


Performance Evaluation 

The equipment connections shown in Figure 9 can be used to evaluate the performance of the M5116. 
An analog signal provided by the HP3551A Transmission Test Set is connected to the Analog Input 
(Pin. 1) of the M5116. The Digital Output of the CODEC is tied back to the Digital Input and the Analog 
Output is fed through a low-pass filter to the HP3551A. Remaining pins of the M5156 are connected 
as follows: 


(1) RCV. SYNC is tied to XMIT SYNC. 
(2) XMIT CLOCK is tied to MASTER CLOCK. The signal is inverted and tied to RCV. CLOCK. 
The following timing signals are required: 


(1) MASTER CLOCK = 1.544 MHz. 
(2) XMIT SYNC repetition rate = 8 kHz 
(3) XMIT SYNC width = 8 XMIT CLOCK periods. 


When all the above requirements are met, the setup of Figure 9 permits the measurement of synchronous 
system performance over a wide range of analog inputs. 

The data register and idea! decoder provide a means of checking the encoder portion of the M5116 in- 
dependently of the decoder section. To test the system in the asynchronous mode, MASTER CLOCK 
should be separated from XMIT CLOCK and MASTER CLOCK should be separated from RCV. CLOCK. 
XMIT CLOCK and RCV. CLOCK are separated also. Some experimental results obtained with the 
M5116 are shown in Figs. 10 and 11. 


Fig. 9 - System characteristics test configuration 
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Fig. 10 - S/D ratio vs. input level 
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GAIN TRACKING (dB) 


Fig. 11 - Gain tracking performance 


CCITT SPECIFICATIONS 


INPUT LEVEL (dBm0) 










A-LAW COMPANDING CODEC 


@ +5V POWER SUPPLY 
LOW POWER DISSIPATION -30mW (TYP.) 


@ FOLLOWS THE A-LAW COMPANDING 
CODE 


@ EXCEEDS CCITT SPECIFICATIONS, IN- 
CLUDES EVEN-ORDER-BIT INVERSION 


@® SYNCHRONOUS OR ASYNCHRONOUS 
OPERATION 


@ ON-CHIP SAMPLE AND HOLD 


@ ON-CHIP OFFSET NULL CIRCUIT ELIM- 
INATES LONG-TERM DRIFT ERRORS 
AND NEED FOR TRIMMING 


@ SINGLE 16-PIN PACKAGE 


@® MINIMAL EXTERNAL CIRCUITRY RE- 
QUIRED 


@ SERIAL DATA OUTPUT OF 64KB/s-2.1 
Mb/s AT 8KHz SAMPLING RATE 


@® SEPARATE ANALOG AND DIGITAL 
GROUNDING PINS REDUCE SYSTEM 
NOISE PROBLEMS 


DESCRIPTION 


The M5156 is a monolithic CMOS companding 
CODEC which contains two sections: (1) An 
analog-to-digital converter which has a transfer 
characteristics conforming to the A-law com- 
panding code and (2) a digital-to-analog con- 
verter which also conforms to the A-law code. 
These two sections form a coder-decoder which 
is designed to meet the needs of the telecom- 
munications industry for per-channel voice-fre- 
quency codecs used in PCM systems. Digital 
input and output are in serial format. Actual 
transmission and reception of 8-bit data words 
containing the analog information is done at a 
64Kb/s-2.1Mb/s rate with analog signal sampling 
occurring at an 8KHz rate. 

A sync pulse input is provided for synchronizing 
transmission and reception of multichannel in- 
formation being multiplexed over a single trans- 
mission line. 








DIP-16 F Ceramic Frit-seal 


ORDERING NUMBER: M5156 Fi 


PIN CONFIGURATION 


ANALOG INPUT 
Vt 
V- 

NC 
MASTER CLOCK 
XMIT SYNC 
XMIT CLOCK 


DIGITAL OUTPUT 


1 


2 
3 
4 
5 
6 
7 
8 


16 
15 
14 
13 
12 
ie 
10 
9 


VREF 


VREF 
ANALOG GROUND 


ANALOG OUTPUT 
DIGITAL INPUT 
DIGITAL GROUND 
RCV CLOCK 


RCV SYNC 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


DC Supply Voltage, V+ +6 

DC Supply Voltage, V- | -6 
Operating Temperature range 0 to 70 
Storage Temperature range -55 to +125 


Package Dissipation at 25 C (Derated 9mW/°C when 
soldered into PCB) 


Digital Input 


Analog Input 


+ Veer 
-VReF 





Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may cause permenent damaged to the device. This is a 
stress rating only and functional operation of the device at these or any other condition above those indicated in the 
operational sections of this specifications is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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POWER SUPPLY REQUIREMENTS 


Values 
Parameter 


V+ Positive Supply Voltage 4.75 
V- Negative Supply Voltage -5.0 














Rinas Analog Input Resistance During Sampling i 
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RinANS Analog Input Resistance Non-Sampling 


CiINA Analog Input Capacitance 


VoFFsSEeT/1 Analog Input Offset Voltage 
Routa Analog Output Resistance 


louTA Analog Output Current 


(VoFFSET/O) Analog Output Offset Voltage 


3 


= = 







Logic Input Low Current (Vj,,y= 0.8V) 
Digital Input, Clock Input, Sync Input 


liNLOW 













Logic Input High Current (Vin= 2.4V) 
Digital Input, Clock Input, Sync Input 


WNHIGH 


Rod Bad al 
acerca 







Coo Digital Output Capacitance 


IDOL Digital Output Leakage Current 
VouTLOW Digital Output Low Voltage 
VoUTHIGH Digital Output High Voltage 


I+ Positive Supply Current 






i Negative Supply Current 





- 
> 
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AC CHARACTERISTICS (Refer to Figure 3 and Figure 4) 








Parameter 


Fu Master Clock Frequency 2.048 pref et 
Fr, Fx XMIT, RCV. Clock Frequency 0.064 2.048 oe} 2 









PWeLK Clock Pulse Width (MASTER, XMIT, RCV.) 


. 
- 
~ 
° 


trac, tec Clock Rise, Fall Time: (MASTER, XMIT, RCV) 25% O 
PWerk 
trs, tFs Sync Rise, Fall Time (XMIT, RCV.) 


torr. toile Data Input Rise, Fall Time 


25%0 
P Woo 
25% O 
PWen 


twsx,twsR Sync Pulse Width (XMIT, RCV.) 


Sync Pulse Period (XMIT, RCV.) 


txes XMIT Clock-to-XMIT Sync Delay 50% of 
tec(trs) 


txcsn XMIT Clock-to-XMIT Sync (Negative Edge) 


fou 
U 
ual 












Digital Output Fall Time 






fies nmr eset tine | mo | 
txppb XMIT Data Delay a ae 200 
tx pp XMIT Data Present oe the el 200 
fixer _XMT nities || 
aes 
a 






Digital Output Rise Time 





50% of 


RCV. Sync-to-RCV. Clock Delay 
trcltrs) 


trps RCV. Data Set-Up Time 


RCV. Data Hold Time 












tres RCV. Clock-to-RCV. Sync Delay 


trss RCV. Sync Set-Up Time 
tsao RCV. Sync-to-Analog Output Delay. 
SLEW+ Analog Output Positive Slew Rate 


Analog Output Negative Slew Rate 
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— 
rx 77) 
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V/s 









u/s 





DROOP Analog Output Droop Rate 
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SYSTEM CHARACTERISTICS (Refer to Figures 10 and 11) 


Parameter Test conditions 


Signal-to-Distortion Ratio | Analog Input = O to -30 dBmO 
Analog Input = -40 dBmO 
Analog Input = -45 dmO 


Gain Tracking Analog !nput = +3 to -37 dBmO 
Analog Input = -37 to -50 dBmO 
Analog Input = -50 to -55 dBmO 


Nic Idle Channel Noise Analog Input = 0 Volts 
TLP Transmission Level Point | 600 2 





N : 
1 ov REF and -V per must be matched with in +1% Ae ane | NC CAMPLIN = 


in order to meet system requirements. 


2. Sampling is accomplished by changing the in- 
ternal capacitor to within % LSB (< 300 yV) 
in 20 ws. Therefore, the external source resistance 
must be 3k or less. The equivalent circuit during 
sampling is shown on the right. 


3. The M5156 will! source current through an in- 
ternal 6 kQ resistor to help pull up the TTL out- SOURCE 
put. When a transition from a ‘’1"' to a “0” takes RE SISTANCE 
place, the user must sink the '1" current until 
reaching the ‘’0” level. 


4. Driving one 74L or 74LS TTL load plus 30 pF 
with Ioy= -100 vA, Io, = 500 HA. 

5. The first bit of data is loaded when Sync. and 
Clock are both "1" during bit time 1 as shown on 
RCV, timing diagram. 

6. This delay is necessary to avoid overlapping ; S~ £453 
Clock and Sync. 
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FUNCTIONAL DESCRIPTION 


Pin 1 — Analog Input 

Voice-frequency analog signals which are bandwidth-limited to 4 kHz are input at this pin. Typically, 
they are then sampled at an 8 kHz rate (Refer to Figure 1). The analog input must remain between 
+V per and -Veer for accurate conversion. 


Pin 5 — Master Clock 

This signal provides the basic timing and control signals required for all internal conversions. It does not 
have to be synchronized with RCV. SYNC, RCV, CLOCK, XMIT SYNC or XMIT CLOCK and is not 
internally related to them. 
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FUNCTIONAL DESCRIPTION (continued) 
Fig. 1 - A/D, D/A conversion timing 
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Fig. 2 - Data input/output timing 
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Pin 6 — XMIT SYNC (Refer to Figure 3 for the Timing Diagram) 

This input is synchronized with XMIT CLOCK. When XMIT SYNC goes high, the digital output is acti- 
vated and the A/D conversion begins on the next positive edge of MASTER CLOCK. The conversion by 
MASTER CLOCK can be asynchronous with XMIT CLOCK. The serial output data is clocked out by 
the positive edges of XMIT CLOCK. The negative edge of XMIT SYNC causes the digital output to 
become three-state. XMIT SYNC must go low for at least 1 master clock prior to the transmission of the 
next digital word (Refer. to Figure 7). 


Pin 7 — XMIT CLOCK (Refer to Figure 3 for the Timing Diagram) 

The on-chip 8-bit output shift register of the M5156 is unloaded at the clock rate present on this pin. 
Clock rates of 64 kHz - 2.1 MHz can be used for XMIT CLOCK. The positive edge of the INTERNAL 
CLOCK transfers the data from the master to the slave of a master-slave flip-flop (Refer to Figure 2). 
If the positive edge of XMIT SYNC occurs after the positive edge of XMIT CLOCK, XMIT SYNC will 
determine when the first positive edge of INTERNAL CLOCK will occur. In this event, the hold time 
for the first clock pulse is measured from the positive edge of XMIT SYNC. 


Tema 


RCV. CLOCK 


Internal Clock 
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FUNCTIONAL DESCRIPTION (continued) 


Fig. 3 - Transmitter section timing 
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Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 


Pin 9 — RCV. SYNC (Refer to Figure 4 for the Timing Diagram) 

This input is synchronized with RCV. CLOCK and serial data is clocked in by RCV. CLOCK. Duration 
of the RCV. SYNC. pulse is approximately 8 RCV. CLOCK periods. The conversion from digital-to- 
analog starts after the negative edge of the RCV. SYNC pulse (Refer to Figure 1). The negative edge of 
RCV. SYNC should occur before the 9th positive clock edge to insure that only eight bits are clocked in. 
RCV. SYNC must stay low for 17 MASTER CLOCKS (min.) before the next digital word is to be 
received (Refer to Figure 8). 


Pin 10 — RCV. CLOCK (Refer to Figure 4 for the Timing Diagram) 

The on-chip 8-bit shift register for the M5156 is loaded at the clock rate present on this pin. Clock rates 
of 64 kHz - 2.1 MHz can be used for RCV. CLOCK. Valid data should be applied to the digital input 
before the positive edge of the internal clock (Refer to Figure 2). This set up time, taps, allows the data 
to be transferred into the MASTER of a master-slave flip-flop. The positive edge of the INTERNAL 
CLOCK transfers the data to the SLAVE of the master-slave flip-flop. A hold time, tapy, is required 
to complete this transfer. If the rising edge of RCV. SYNC occurs after the first rising edge of RCV. 
CLOCK, RCV. SYNC will determine when the first positive edge of INTERNAL CLOCK will occur. In 
this event, the set-up and hold times for the first clock pulse should be measured from the positive 
edge of RCV. SYNC. 
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FUNCTIONAL DESCRIPTION (continued) 


Fig. 4 - Receiver section timing 
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Fig. 5 - A/D converter (A-Law Encoder) Fig. 6 - D/A converter (A-Law Decoder) 
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FUNCTIONAL DESCRIPTION (continued) 


Table 1 - Digital output code: A Law 
Chord Code Chord Value Step Value 


1. 101 0.0 mV 1.221 mV 
2. 100 20.1 mV 1.221 mV 
3. 111 40.3 mV 2.44 mV EXAMPLE: 
4. 110 80.6 mV 488 mV 
1 110 0111=+80.6mV+(2x4.88mV) 
5. 001 161.1 mV 9.77 mV Sian Bit Chord Bj 
6. 000 332 mV 19.53 mV ign Bit’ Chord Step Bits 
7. 011 645 mV 39.1 mV lf the sign bit were a zero, then both plus signs 
8. 010 1.289 V 78.1 mV would be changed to minus signs. 


Pin 8 — Digital Output 

The M5156 output register stores the 8-bit encoded sample of the analog input. This 8-bit word is 
shifted out under control of XMIT SYNC and XMIT CLOCK. When XMIT SYNC is low, the DIGITAL 
OUTPUT is an open circuit. When XMIT SYNC is high, the state of the DIGITAL OUTPUT is determined 
by the value of the output bit in the serial shift register. The output is composed of a Sign Bit, 3 Chord 
Bits, and 4 Step Bits. The Sign Bit indicates the polarity of the analog input while the Chord and Step 
Bits indicate the magnitude. In the first two Chords, the Step Bit has a value of 1.2 mV. In the third 
Chord, the Step Bit has a value of 2.4 mV. This doubling of the step value continues for each of the five 
successive Chords. Each Chord has a specific value and the Step Bits, 16 in each Chord, specify the 
displacement from. that value (Refer to Table 1). Thus the output, which follows the A-law, has reso- 
lution that is proportional to the input level rather than to full scale. This provides the resolution of a 
12-bit A/D converter at low input levels and that of a 6-bit converter as the input approaches full scale. 
The transfer characteristic of the A/D converter (A-law Encoder) is shown in Figure 5. 


Pin 12 — Digital Input 

The M5156 input register accepts the 8-bit sample of an analog value and loads it under control of RCV. 
SYNC and RCV. CLOCK. The timing diagram is shown in Figure 4. When RCV. SYNC goes high, the 
M5156 uses RCV. CLOCK to clock the serial data into its input register. RCV. SYNC goes low to in- 
dicate the end of serial input data. The 8 bits of the input data have the same functions described for 
the DIGITAL OUTPUT. The transfer characteristic of the D/A converter (A-law Decoder) is shown in 
Figure 6. 


Pin 13.— Analog Output 

The analog output is in the form of voltage steps (100% duty cycle) having amplitude equal to the 
analog sample which was encoded. This waveform is then filtered with an external low-pass filter with 
sinx/x correction to recreate the sampled voice signal. 


Pins 16 and 15 — Positive and negative reference voltages (+V ger and -Vrer) 


These inputs provide the conversion references for the digital-to-analog converters in the M5156. 
+Veer and -Veer must maintain 100 ppM/°C regulation over the operating temperature range. 
Variation of the reference directly affects system gain. 
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OPERATION OF DECODEC WITH 64 kHz XMIT/RCV. 


Clock Frequencies | | 
XMIT/RCV. SYNC must not be allowed to remain at a logic "1" state. XMIT SYNC is required to be at | 
a logic ’’0’’ state for 1 master clock period (min.) before the next digital word is transmitted. RCV. 


SYNC is required to be at a logic 0” state for 17 master clock periods (min.) before the next digital 
word is received (Refer to Figs. 7 and 8). 


Fig. 1-64 kHz operation, transmitter section timing 
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Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 


Fig. 8 - 64 kHz operation, receiver section timing 
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Note: All rise and fall times are measured from 0.4V and 2.4V. All delay times are measured from 1.4V. 
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Offset Null 

The offset null feature of the M5156 eliminates long-term drift errors and conversion errors due to tem- 
perature changes by going through an offset adjustment cycle before every conversion, thus guaranteeing 
accurate A/D conversion for inputs near ground. There is no offset adjust of the output amplifier be- 
cause, since the output is intended to be AC - coupled to the external filter, the resultant DC error 
(Vorrseto) will have no effect. The sign bit is not used to null the analog input. Therefore, for an 
analog input of 0 volts, the sign bit will be stable. 


Performance Evaluation 

The equipment connections shown in Figure 9 can be used to evaluate the performance of the M5156. 
An analog signal provided by the HP3552A Transmission Test Set is connected to the Analog Input 
(Pin 1) of the M5156. The Digital Output of the CODEC is tied back to the Digital Input and the Analog 
Output is fed through a low-pass filter to the HP3552A. Remaining pins of the M5156 are connected 
as follows: 


(1) RCV. SYNC is tied to XMIT SYNC. 
(2) XMIT CLOCK is tied to MASTER CLOCK. The signal is inverted and tied to RCV. CLOCK. 
The following timing signals are required: 


(1) MASTER CLOCK = 2.048 MHz. 
(2) XMIT SYNC repetition rate = 8 kHz 
(3) XMIT SYNC width = 8 XMIT CLOCK periods. 


When all the above requirements are met, the setup of Figure 9 permits the measurement of synchronous 
system performance over a wide range of analog inputs. 

The data register and ideal decoder provide a means of checking the encoder portion of the M5156 in- 
dependently of the decoder section. To test the system in the asynchronous mode, MASTER CLOCK 
should be separated from XMIT CLOCK and MASTER CLOCK should be separated from RCV.. CLOCK. 
XMIT CLOCK and RCV. CLOCK are separated also. Some experimental results obtained with the 
M5156 are shown in Figs. 10 and 11. 


Fig. 9 - System characteristics test configuration 
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SIGNAL TO DISTORTION ida: 





Fig. 10 - S/D ratio vs. input level 
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Fig. 11 - Gain tracking performance 
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ADVANCE DATA 


COMBINED SINGLE CHIP PCM CODEC AND AMPLIFIER 


@ M5914 ASYNCHRONOUS CLOCKS, 8th BIT 
SIGNALING, LOOP BACK TEST CAPA- 
BILITY 

® M5913 SYNCHRONOUS CLOCKS ONLY 

AT&T D3/D4 AND CCITT COMPATIBLE 

@ TWO TIMING MODES: 

— FIXED DATA RATE MODE: 
CLOCK OPTIONS: 1.536MHz, 
1.544MHz, 2.048MHz 

— VARIABLE DATA MODE: 
64kHz-4.096MHz 

@ PIN SELECTABLE y-LAW OR A-LAW 
OPERATION 

@ NO EXTERNAL COMPONENTS FOR SAM- 
PLE AND HOLD AND AUTO ZERO FUNC- 
TIONS 

@ PRECISION ON-CHIP VOLTAGE REFER- 
ENCES 

@ LOW POWER DISSIPATION: 
0.5mW POWER DOWN 
7OmMW TYPICAL OPERATING 


@ EXCELLENT POWER SUPPLY REJECTION 
— ELIMINATES ON-BOARD REGULATOR 


DESCRIPTION 


The SGS M5913 and M5914 are fully integrated 
PCM (pulse code modulation) codecs (coder- 
decoder) and transmit/receive filters fabricated in 
a highly reliable CMOS silicon gate technology. 


The primary applications for the M5913 and 

M5914 are il telephone systems: 

— Switching — M5913-Digital PBX’s and Central 
Office Switching Systems 

— Transmission — M5914-D3/D4 Channel Banks 

— Concentration — M5913 or M5914-Subscriber 
Carrier and Concentrators 


The wide dynamic range of the M5913 and 
M5914 (78dB) and the minimal conversion time 
make them ideal products for other applications 
such as: 


— Voice Store and Forward 

— Digital Echo Cancellers 

— Secure Communications Systems 
— Satellite Earth Stations 





IF B/F 
DIP-20 Plastic and Ceramic DIP-24 Plastic and Ceramic 


ORDERING NUMBER: M5913B1 
M5913F 1 


M5914B1 
M5914F 1 


PIN CONFIGURATION 


CLKSEL 
OCLKR 
Dr 


FSR 


CLKSEL 
LOOP 
SIGR 
DCLKr 


DR 


FSp 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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PIN NAMES 





Vep Power (-5V) GS, | Gain Control 
PWRO+, PWRO- Power Amplifier Outputs VF, I-, VFx 1+ Analog Inputs 
GSp Gain Setting input for GRDA Analog Ground 
Receive Channel NC No Connect 
PDN Power Down Select SIGy Transmit Digital Signaling Input 
CLKSEL Master Clock Select ASEL yor A-law Select 
LOOP Analog Loop Back TS x Digital Output — Timeslot 
SIGR Signaling Bit Output Strobe 
DCLKr Receive Data Rate Clock DCLK, Transmit Data Rate Clock 
Dr Receive Channel Input Dx Transmit (Digital) Output 
FSp Receive Frame Synchroniza- FSy Transmit Frame Synchroniza- 
tion Clock tion Clock 
GRDD Digital Ground CLKy Transmit Master Clock 
Veo Power (+5V) CLKp Receive Master Clock 


BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


With respect GRDD,GRDA = ov | -03to7 | 


GRDD, GRDA | Insuchcase:0 S Veg S +7V, -7V S Veg +0.3 
< OV | 
Vio Analog inputs, analog outputs and Ves -0.3 S Vin/Vout S Vec + 0.3 | V 
digital inputs 


Digital outputs GRDD -0.3 < Vout < Vec +03 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the 
Operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. | 
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PIN DESCRIPTIONS 


Non-inverting output of power amplifier. Can drive transformer hybrids or high 
impedance loads directly in either a differential or single ended configuration. 


Input to the gain setting network on the output power amplifier. Transmission 
level can be adjusted over a 12dB range depending on the voltage at GSp. 


Power down select. When PDN is TTL high, the device is active. When low, the 
device is powered down. 


CLKSEL Input which must be pinstrapped to reflect the master clock frequency at CLK, 
CLKp. 
CLKSEL = Ves 
CLKSEL = GRDD 
CLKSEL‘\= Vcc 


LOOP Analog loopback. When this pin is TTL high, the receive output (PWRO +) is inter- 
nally connected to VFyxI+, GSp is internally connected to PWRO-, and VFy1I- is 
internally connected to GSx. A OdBm0O digital signal input at Dp is returned as a 


+3dBm0 digital signal output at Dy. 

SIGp Signaling bit output, receive channel. In fixed data rate mode, SIGR, outputs the 
logical state of the eighth bit of the PCM word in the most recent signaling frame. 
Selects the fixed or variable data rate mode. When DCLKep is connected to Vgg, 
the fixed data rate mode is selected. When DCLKep is not connected to Vgzg, the 
device operates in the variable date rate mode. In this mode DCLK pr, becomes the 


receive data clock which operates a TTL levels from 64 kB to 4.096 MB data 
rates. 











Receive PCM input. PCM data is clocked in on this jead on eight consecutive nega- 
tive transitions of the receive data clock; CLKp in the fixed data rate mode and 
DCLK,p in variable data rate mode. 



















8KHz frame synchronization clock input/timeslot enable, receive channel. A 
multifunction input which in fixed data rate mode distinguishes between signaling 
and non-signaling frames by means of a double or single wide pulse respectively. 
In variable data rate mode this signal must remain high for the entire length of the 
timeslot. The receive channel enters the standby state whenever FS, is TTL low 
for 300 milliseconds. 


GRDD -| Digital ground for all internal logic circuits. Not internally tied to GRDA. | 


CLKp Receive master and data clock for the fixed data rate mode; receive master clock 
only in variable data rate mode. 



















Transmit master and data clock for the fixed data rate mode, transmit master 
clock only in variable data rate mode. 










8KHz frame synchronization clock input/timeslot enable, transmit channel. 
Operates independently but in an analogous manner to FSp. 

The transmit channel enters the standby state whenever FSy is TTL low for 
300 milliseconds. 





Transmit PCM output PCM data is clocked out on this lead on eight consecutive 
positive transitions of the transmit data clock: CLK, in fixed data rate mode and 
DCLK, in variable data rate mode. 






Transmit channel timeslot strobe (output) or data clock (input) for the transmit 
channel. In variable data rate mode, this pin becomes the transmit data clock 
which operates at TTL levels from 64 KB to 4.096 MB data rates. 


A dual purpose pin. When connected to Vp. A-law operation is selected. When it 
is not connected to Vez this pin is a TTL level input for signaling operation. This 


TSy/DCLKx 
SIG, /ASEL 

input is transmitted as the eighth bit of the PCM word during signaling frames on 

| the Dy lead. 


GRDA Analog ground return for all internal voice circuits. Not internally connected to 


GRDD. 


Non-inverting analog input to uncommitted transmit operational amplifier. 
Inverting analog input to uncommitted transmit operational amplifier. 


Output terminal of on-chip uncommitted op amp. Internally, this is the voice 



















signal input to the transmit filter. 


Most positive supply, input voltage is +5V + 5%. 
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FUNCTIONAL DESCRIPTION 


The M5913 and M5914 provide the analog-to- 
digital and the digital-to-analog conversions and 
the transmit and receive filtering necessary to 
interface a full duplex (4 wires) voice telephone 
circuit with the PCM highways of a time division 
multiplexed (TDM) system. They are intended be 
used at the analog termination of a PCM line or 
trunk. 


Fig. 3 - Typical Line Terminations 





The following major functions are provided: 


@ Bandpass filtering of the analog signals prior 
to encoding and after decoding 


@ Encoding and decoding of voice and call 
progress information 


@ Encoding and decoding of the signaling and 
supervision information 
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Functional block diagram of a line circuit with 
separate signaling control highways. 
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Functional block diagram of a line circuit with 
borrowed 8th bit signaling. 
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A typical 4-wire channel unit with signaling using 
borrowed 8th bit. 











GENERAL OPERATION 


System Reliability Features 


The combochip can be powered up by pulsing 
FS, and/or FS, while a TTL high voltage is 
applied to PDN, provided that all clocks and 
supplies are connected. The M5913 and M5914 
have internal resets on power up (or when Vaz 
or Vcc are re-applied) in order to ensure validity 
of the digital outputs and thereby maintain 
integrity of the PCM highway. 


On the transmit channel, digital outputs Dy and 
TS, are held in a high impedance state for ap- 
proximately four frames (500us) after power up 
or application of Veep or Vcc. After this delay, 
Dy, TS, and signaling will be functional and 
will occur in the proper timeslot. The analog 
circuits on the transmit side require approximately 
60 milliseconds to reach their equilibrium value 
due to the autozero circuit setting time. Thus, 
valid digital information, such as for on/off hook 
detection, is available almost immediately, while 
analog information is available after some delay. 


On the receive channel, the digital output SIGp 
is also held low for a maximum of four frames 
after power up or application of Veg or Vcc. 
S$IGp will remain low thereafter until it is updated 
by a signaling frame. 


To further enhance system reliability, TS, and 
Dy will be placed in a high impedance state 
approximately 2Q0us after an interruption of 
CLKy. Similarly, SIG will be held low approxi- 
mately 2Qus after an interruption of CLK. 
These interruptions could possibly occur with 
some kind of fault condition. 


Table 1 — Power-Down Methods 


Power Down Mode 








PDN = TTL low 









Standby Mode 









Only transmit is on FS» is TTL low 


standby 


Power—-Down Method 


FS and FSpr are TTL low 


Only receive is on FSpR is TTL low 
standby . 
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Power Down and Standby Modes 


To minimize power consumption, two power 
down modes are provided in which most M5913/ 
M5914 functions are disabled. Only the power 
down, clock, and frame sync buffers, which are 
required to power up the device, are enabled in 
these modes. As shown in Table 1, the digital 
outputs on the appropriate channels are placed 
in a high impedance state until the device returns 
to the active mode. 


The Power Down mode utilizes an external 
control signal to the PDN pin. In this mode, 
power consumption is reduced to an average of 
0.5 milliwatts. The device is active when the signal 
is high and inactive when it is low. In the absence 
of any signal, the PDN pin floats to TTL high 
allowing the device to remain active continuously. 





The Standby mode leaves the user an option of 
powering either channel down separately or 
powering the entire device down by selectively 
removing FS, and/or FS». With both channels 
in the standby state, power consumptions is 
reduced to an average of 1 milliwatts. If transmit 
only operation is desired, FS, should be applied 
to the device while FS, is held low. Similarly, if 
receive only operation is desired, FSp should be 
applied while FS, is held low. 


Fixed Data Rate Mode 


Fixed data rate timing, is selected by connecting 
DCLKr to Veg. It employs master clocks CLK x 
and CLKr, frame synchronization clocks FSx 
and FSp, and output TS». 





Digital Output Status 









TS and D~x are placed in a high impedance state 
and SIGrp is placed in a TTL low state within10 us. 






TSx and D»x are placed in a high impedance state 
and S!IGrpR is placed in a TTL low state 300 milli- 
seconds after FSx and FSr are removed. 








TSx and Dx are placed in a high impedance state 
within 300 milliseconds. 


SIGR is placed in a TTL low state within 300 milli- 
seconds. 











CLKyx and CLK p serve both as master clocks to 
operate the codec and filter sections and bit 
clocks to clock the data in and out from the PCM 
highway. FS, and FSe are 8 kHz inputs which 
set the sampling frequency and distinguish bet- 
ween signaling and non-signaling frames by 
their pulse width. A frame synchronization pulse 
which is one master clock wide designates a 
non-signaling frame, while a double wide sync 
pulse enables the signaling function. TS, is a 
- timeslot strobe/buffer enable output which gates 
the PCM word onto the PCM highway when an 
external buffer is used to drive the line. 


Data is transmitted on the highway at Dx on the 
first eight positive transitions of CLKy following 
the rising edge of FSx. Similarly on the receive 
side, data is received on the first eitht falling 
edges of CLKp. The frequency of CLKy and 
CLKp is selected by the CLKSEL pin to be 
either 1.536, 1.544, or 2.048 MHz. No other 
frequency of operation is allowed in the fixed 
data rate mode. 


Variable Data Rate Mode 


Variable data rate timing is selected by connecting 
DCLKp to the bit clock for the receive PCM 





highway rather than to Veg. It employs master 
clocks CLKyx and CLKp, bit clocks DCLKp and 
DCLKx and frame synchronization clocks FSpr 
and FS. 

Variable data rate timing allows for a flexible 
data frequency. It provides the ability to vary the 
frequency of the bit clocks, which can be asynch- 
ronous in the case of the M5914, or synchronous 
in the case of the M5913 from 64 KHz to 4.096 
MHz. Master clocks inputs are still restricted to 
1.536, 1.544, or 2.048 MHz. 


In this mode, DCLKg and DCLKx become the 
data clocks for the receive and transmit PCM 
highways. While FS, is high, PCM data from Dy 
is transmitted onto the highway on the next 
eight consecutive positive transitions of DCLK x. 
Simultarly, while FSp, is high, each PCM bit 
from the highway is received by Dp on the next 
eight consecutive negative transition of DCLKr. 


On the transmit side, the PCM word will be 
repeated in all remaining timeslots in the 125yus 
frame as long as DCLK,y is pulsed and FS, is 
held high. This feature allows the PCM word to 
be transmitted to the PCM highway more than 
once per frame, if desired, and is only available 
in the variable data rate mode. Conversely, 


Fig. 4 - Signaling Timing (Used Only with Fixed Data Rate Mode) 
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signaling is only allowed in the fixed data rate 
mode since the variable mode provides no 
means with which to specify a signaling frame. 


Signaling 


Signaling can only be performed with the 24- 
pin device in the fixed data rate timing mode 
(DCLKR = Vgpg). Signaling frames on the tran- 
smit and receive sides are independent of one 
another and are selected by a double-width 
frame sync pulse on the appropriate channel. 
During a transmit signaling frame, the codec will 
encode the incoming analog signal and substitute 
the signal present on SIG, for the least significant 
bit of the encoded PCM word. Similarly, in a 
receive signaling frame, the codec will decode the 
seven most significant bits according to CCITT 
recommendation G.733 and output the logical 
state of the LSB on the SIGp lead until it is 
updated in the next signaling frame. Timing 
relationships for signaling operation are shown 
in Figure 4. 


Asynchronous Operation 


The M5914 can be operated with asynchronous 
clocks in either the fixed or variable data rate 
modes. In order to avoid crosstalk problems as- 
sociated with special interrupt circuitry the 
design of the SGS M5913/M5914 combochip 
includes separate digital-to-analog converters and 
voltage references on the transmit and receive 


sides to allow completely indipendent operation 
of the two channels. 


In either timing mode, the master clock, data 
clock, and timeslot strobe must be synchronized 
at the beginning of each frame. Specifically, in 
variable data rate mode the rising edge of CLK, | 
must occur within tesp nanoseconds before the 
rise of FS, while the leading edge of DCLKy, 
must occur within tsp» nanoseconds of the rise 
of FSx. Thus, CLKy and DCLK, are synchro- 
nized once per frame but may be of different 
frequencies. The receive channel operates in a 
similar manner and is completely indepenent of 
the transmit timing (refer to Variable Data Rate 
Timing Diagram). This approach requires the 
provision of two separate master clocks, even in 
variable data rate mode, but avoids the use of 
a synchronizer which can cause intermittent data 
conversion errors. 


Analog Loopback 


A distinctive feature of the M5914 is its analog 
loopback capability. This feature allows the 
user to send a control signal which internally 
connects the analog input and output ports. As 
shown in Figure 5, when LOOP is TTL high the 
receive output (PWRO+) is internally connected 
to VF,xI+, GSp in internally connected to 
PWRO- and VFxI- is internally connected to 
GS. 


Fig. 5 - Simplified Block Diagram of M5914 Combschip in the Analog Loopback Configuration 


TRANSMIT 


DIGITIZED 
PCM 


LOOP BACK 
RESPONSE 


DIGITIZED 
PCM 

TEST 
TONE 


COMBOCHIP ANALOG LOOP BACK FUNCTION 





With this feature, the user can test the line circuit 
remotely by comparing the digital codes sent 
into the receive channel (Dg) with those gener- 
ated on the transmit channel (Dy). Due to the 
difference in transmission levels between the 
transmit and receive sides, a0 dBmO code sent 
into Dp will emerge from Dx as a+3dBm0 code, 
an implicit gain of 3dB. Thus, the maximum 
signal input level which can be tested using 
analog loopback is 0 dBm0O. 


Precision Voltage Reference 


No external components are required with the 
combochip to provide the voltage reference func- 
tion. Voltage references are generated on-chip 
and are calibrated during the manufacturing 
process. The technique use the bandgap principle 
to derive a temperature and bias stable reference 
voltage. These references determine the: gain and 
dynamic range characteristics of the device. 


Separate references are supplied to the transmit 
and receive sections. Transmit and receive sec- 
tion are trimmed independently in the filter 
stages to a final precision value. With this method 
the combochip can achieve manufacturing 
tolerances of typically + 0.04dB in absolute gain 
for each half channel, providing the user a 
significant margin for error in other board 
components. 


Fig. 6 - Transmit Filter Gain Adjustment 





Conversion Laws 


The M5913 and M5914 are designed to operate 
in both p-law and A-law systems. The user can 
select either coversion law according to the voltage 
present on the SIGx/ASEL pin. In each case the 
coder and decoder process a companded 8-bit 
PCM word following CCITT recommendation 
G.711 for u-law and A-law conversion. If A-law 
operation is desired, SIGy should be tied to Vag. 
Thus, signaling is not allowed during A-law 
operation. If «4 = 255-law operation is selected, 
then SIGyx is a TTL level input which modifies 
the LSB on the PCM output in signaling frames. 


TRANSMIT OPERATION 


Transmit Filter 


The input section provides gain adjustment in 
the passband by means of an on-chip uncom- 
mitted operational amplifier. This operational 
amplifier has a common mode range of 2.17 volts, 
a maximum DC offset of 25 mV, a minimum 
voltage gain of 5000, and a unity gain bandwidth 
of typically 1MHz. Gain of up to 20dB can be 
set without degrading the performance of the 
filter. The load impedance to ground (GRDA) at 
the amplifier output (GS,,) must be greater than 
10 kilohms in parallel with less than 50pF. The 
input signal on lead VF,|+ can be either AC or 
DC coupled. The input op amp can also be used 
in the inverting mode or differential amplifier 
mode (see Figure 6). 








A low pass anti-aliasing section is included on- 
chip. This section typically provides 35dB at- 
tenuation at the sampling frequency. No external 
components are required to provide the neces- 
sary anti-aliasing function for the switched 
capacitor section of the transmit filter. 


The passband section provides flatness and 
stopband attenuation which fulfills the AT & T 
D3/D4 channel bank transmission specification 
and CCITT recommendation G.712. The M5913 
and M5914 specifications meet or exceed digital 
class 5 central office switching systems require- 
ments. The transmit filter transfer characteristics 
and specifications will be within the limits shown 
in the relative table. 


A high pass section configuration was chosen to 
reject low frequency noise from 50 and 60Hz 
power lines, 17 Hz European electric railroads, 
ringing frequencies and their harmonics, and other 
low frequency noise. Even though there is high 
rejection at these frequencies, the sharpness 
of the band edge gives low attenuation at 200Hz. 
This feature allows the use of low-cost trans- 
former hybrids without external components. 
4 


Encoding 


The encoder internally samples the output of 
the transmit filter and holds each sample on an 
internal sample and hold capacitor. The encoder 
then performs an analog to digital conversion ona 
switched capacitor array. Digital data representing 
the sample is transmitted on the first eight data 
clock bits of the next frame. 


Fig. 7 - Gain Setting Configuration 


An on-chip autozero circuit corrects for DC-offset 
on the input signal to encoder. This autozero 
circuit uses the sign bit averaging technique. In 
this way, all DC offset is removed from the 


encoder input waveform. 


GSp 
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RECEIVE OPERATION 


Decoding 


The PCM word at the Dp lead is serially fetched 
on the first eight data clock bits of the frame. 
A D/A conversion is performed on the digital 
word and the corresponding analog sample is 
held on an internal sample and hold capacitor. 
This sample is then transferred to the receive 
filter. 


Receive Filter 


The receive section of the filter provides passband 
flatness and stopband rejection which fulfills 
both the AT & T D3/D4 specification and 
CCITT recommendation G.712. The filter 
contains the required compensation for the (sin 
X)/X response of such decoders. The receive 
filter characteristics and specifications are shown 
in the relative table. 


Receive Output Power Amplifiers 


A balanced output amplifier is provided in order 
to allow maximum flexibility in output configura- 
tion. Either of the two outputs can be used single 


M5913 
or 
* M5914 


DIGITAL 
MILLIWATT 
SEQUENCE 

PER CCITT G.711 


ended (referenced toGRDA) to drive single 
ended loads. Alternatively, the differential output 
will drive a bridged load directly. The output 
stage is capable of driving loads as low as 30002 
single ended to a level of 12dBM or 600Q2 dif- 
ferentially to a level of 15dBM. 


The receive channel transmission level may be 
adjusted between specified limits by manipula- 
tion of the GSp input. GSR is internally con- 
nected to an analog gain setting network. When 
GSp_ is strapped to PWRO-, the receive level is 
maximized; when it is tied to PWRO+, the level 
is minimized. The output transmission level inter- 
polates between O and -12dB as GSp is inter- 
polated (with potentiometer) between PWRO- 
and PWRO+. The use of the output gain set is 
illustrated in Figure 7. 


Transmission levels are specified relative to the 
receive channel output under digital milliwatt 
conditions, that is, when the digital input at Dy 
is the eight-code sequence specified in CCITT 
recommendation G.711. 


OUTPUT GAIN SET: DESIGN 
CONSIDERATIONS 


(Refer to Figure 7) 


PWRO+ and PWRO- are low impedance com- 
plementary outputs. The voltages at the nodes 
are: 

Vo+ at PWRO+ 

Vo- at PWRO- 

Vo = Vo+ — Vo- (total differential response) 


R1 and R2 are a gain setting resistor network 
with the center tap connected to the GSp input. 
A value greater than 10KQ2 and less than 100K 
for R1 + R2 is recommended because: 


a) The parallel combination of R1+ R2 and R, 
sets the total loading. 


b) The total capacitance at the GSp, input and 
the parallel combination of R1 and R2 define 
a time constant which has to be minimized to 
avoid inaccuracies. 


lf Va» represents the output voltage without 
any gain setting resistor network connected, 
you can have: 
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Vo= AVa 


1 + (R,/R2) 
4 + (R,/R;) 


where A = 


For design purposes, a useful form is R1/R2 as a 
function of A. 


4A-1 


Ri/R2 = oR 





(Allowable values for A are those which make 
R1/R2 positive) 


Examples are: 

If A = 1 (maximum output), then 
R1/R2 =e’or V(GSp) = Vo-: 
i.e., GSR is tied to PWRO- 


If A= 1/2, then 
R1/R2= 2 
If A= 1/4 (minimum output) then 


R1/R2 = 0Oor V (GSpr) = Vot; 
i.e., GSp is tied to PWRO+ 








DC CHARACTERISTIC (T,,) = OC to 70°C, Vee = +5 + 5%, Veg = -5V + 5%, GRDA = OV, 
unless otherwise specified) Typical values are for Tan, = 25°C and nominal power supply values 


DIGITAL INTERFACE 


[Vic input Low Vote emt GuKSEL | 
Vins mouth Vote excoe cuxseL | ————SSSS~:C 
V 


he 
OH | Output High Voltage ~ lOH= 9.6mA at Dx 2.4 V 
1OH= 1.2mA at SIGR 








Vito |!nput Low Voltage, CLKSEL? 


-0.5 


Digital Input Capacitance ere ee 
















Test Conditions 












Symbol Parameter | Min. | 
amet 
— 
Peco Wee Power Down Current —~( PONS Virahertos | 
a 
a 
Led 
bw! 







V BB Standby Current FSx, FSp < Vic; after 300ms 
FPbo | Power Down Dissipation PDN < Vj,; after 10s 

Standby Power Dissipation FSx, FSp < Vi; after 300ms 
NOTES: 


1. Viny is the voltage on any digital pin. 

2. SIGx and DCLKp are TTL level inputs between GRDD and V¢c¢; they are also pinstraps for mode selection when 
tied to Vag Under these conditions Vj;_0 is the input low voltage requirement. 

3. Timing parameters are guaranteed based on a 100pF load capacitance. Up to eight digital outputs may be connected 
to acommon PCM highway without buffering, assuming a board capacitance of 60pF. 
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ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 


Fix | InputResisionce, VFxI#,VExI sf SSSCSC*d CSO 
Vosxi | Input Offer Voltage, Vel VFxh | 
[EMR | Cornmon Mode Rejection, VExI*, VExt [2172 Vin= 21 | 88 
[5000 

aL aT 

Lae 









AVOoL DC Open Loop Voltage Gain, GS i 
fic | Open Loop Unity Gain Bandwidth, Gx | SSCS 
Cixi | toad Capacitance, Sx 

Rix: | Minimum Load Revinenee, Sx SSSCSC~dCS 


Sy mbol Parameter Test Conditions 
Output Resistance, PWRO+, PWRO- 


VOSRA Single Ended Output DC Offset, PWRO+, Relative to GRDA 
PWRO- 
CLRA Load Capacitance, PWRO+, PWRO- ies ai 


VORAI Output Voltage Swing Across Ry, PWRO+, | Ry > 3009 (Note 3) +3.06 
PWRO-, Single-Ended Connection with zero Volt offset 


Differential Output Voltage Swing PWRO+, | Ry > 6002 
PWRO-, Balance Output Connection 
AC CHARACTERISTICS — TRANSMISSION PARAMETERS 


Unless otherwise noted, the analog input is a0 dBm0, 1020 Hz sine wave!. Input amplifier is set for 
unity gain, noninverting. The digital input is a PCM bit stream generated by passing a0 dBmO, 1020 Hz 
sine wave through an ideal encoder. Receive output is measured single ended, maximum gain configur- 
ation.? All output levels are (sin X)/X corrected. 
























GAIN AND DYNAMIC RANGE 


0 









= 
= 5 











Symbol 

EmW Encoder Milliwatt Response Tamb=25 C; Vap= -5V; Vec= +5V | -0.15 | + 0.04 | +0.15 | dBm0 
(Transmit gain tolerance) 

EmWrs | EmW variation with Temperature + 5% supplies, 0 to 70°C -01 +0.12 
and supplies Relative to nominal condition : 

DmWw Digital Milliwatt Response Tamb= 25 C, Vap= -5V; Vec= 5V_ | -0. 
(Receive gain tolerance) . 


oO 


0 


ial el 
dBm 
dBm 

+2.79 dBm 

+1,03 dBm 


DmW-+s | DmW variation with temperature + 5% supplies, 0 to 70°C -Q, ; 
and supplies 
OTLPy» | Zero Transmission Level Point 6002 Load 
Transmit Channel (0 dBmO) u-Law | 9009 Load 
O TLP5» | Zero Transmission Level Point 6002 Load 
Transmit Channel (0 dBm0) A-Law } 9002 Load 
OTLP1R| Zero Transmission Level Point 6002 Load +5.76 dBm 
Transmit Channel (0 dBm0O) u-Law | 9002 Load +4.00 dBm 
OTLPoR]| Zero Transmission Level Point 6002 Load +5.79 dBm 
Transmit Channel (0 dBm0O) A-Law | 9002 Load dBm 


+4.03 
Note: 1. 0 dBm0 is defined as the zero reference point of the channel under test (0 TLP). This corresponds to an analog 
signal input of 1.064 V, ms or an output of 1.503 Vrms (u-Law) dual 1.068 V;mgs or an output 1.516 V>ms (A-Law). 
2. Unity gain input amplifier: GS, is connected to VFyxI-, Signal input VFx.1+; Maximum gain output amplifier: 
GSp is connected to PWRO-, output to PWRO+. 
3. Assuming null Receive gain Tolerance 


+2.76 
+1.00 






oO}; © 
= 
@| o 
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GAIN TRACKING 
Reference Level = -10 dBmO 




















Unit 


Symbol Parameter 





Test Conditions 
+ 3 to -40 dBm0 
-40 to -50 dBm0O 
-50 to -55 dBm0 
+ 3 to -40 dBm0O 
-40 to -50 dBm0O 

50 to -55 dBm0 

h 


CCITT G.712 
Method 1 


+ 3 to -40 dBm0 
-40 to -50 dBm0 
-50 to -55 dBm0 


+ 
8] 


GT1x 


oO 
Q 
188] 


Transmit Gain Tracking Error 
Sinusoidal Input; u-law 










It tb i+ 














o|=990 
NO | NO OTN 
ion 
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GT2~x Transmit Gain Tracking Error 


Sinusoidal! Input; A-law 


fe He |] oe 
099/999 
DWN | OWN 
ol ol 





I+ iF I+ 
=O¢C 
No 
0 on 
QqaQaa 
waam 


GT3~x Transmit Gain Tracking Error 


While Noise Input; A-law 


Receive Gain Tracking Error 
Sinusoidal Input; u-law 












GT1pr 











i+ + 


O1 OOO 


+ i+ [+ 

ooc . . « 
MW] Moods 
o 


ol 






ee 
moo! -So 
NO OTNY) NO OTN 
Or ol 

Q. 

@ 


GT2pr Receive Gain Tracking Error + 3 to -40 dBm0 dB 
Sinusoidal Input; A-law ~40 to -50 dBm0 : dB 
-50 to -55 dBm0O . dB 
GT3pR Receive Gain Tracking Error CCITT G. 712 TBD TBD 
White Noise Input; A-law Method 1 














NOISE 
2913-1, 2914-1 2913, 2914 
Symbol Parameter Test Conditions 
in| Tp [Max [ Min. [Tp [Max 

Nxc1 Transmit Noise, VE xI+ = GRDA, 13 15 dBrncO 
C-Message Weighted VFxI- = GSx 

Nxc2 Transmit Noise, C- — VExI+ = GRDA, 16 ‘dBrncO 
Message Weighted with hes - = GSx; 
Eighth Bit Signaling 6th frame signaling 

Nxp Transmit Noise, Psopho- | VFxI+ = GRDA, -77 -75 |dBmOp 
metrically Weighted VF x1- = GSx 

Nrcel Receive Noise, DrR= 11111111 11 dBrncO 
C-Message Weighted: Measure at PWRO+ 
Quiet Code 

Nrce2 Receiver Noise, C- Input to Dr is zero code 12 | dBrncO 
Message Weighted: with sign bit toggle at 
Sign bit toggle 1 kHz rate 
Receive Noise, Psopho- Dr = lowest positive ~82 -79 |dBmOp 
metrically Weighted decode level 

Nor Single Frequency NOISE | CCITT G.712.4.2 -50 dBmO 
End to End Measurement 

PSRRq Vcc Power Supply Idle channel; 200 mV -30 
Rejection, P-P signal on supply; 0 to 
Transmit Channel 50 kHz, measure at Dy 

PSRRo VeBB Power Supply idle channel; 200 mV -30 
Rejection, P-P signal on supply; Oto 
Transmit Channel 50 kHz, measure at Dx 






idle channel; 200 mV 
P-P signal on supply; 
measure narrow band at 
PWRO+ single ended, 

0 to 50 kHz 


idle channel; 200 mV 
P-P signal on supply; 
measure narrow band at 
PWRO+ single ended, 

0 to 50 kHz 


VFxI+=OdBm0,1.02kHz, 
D R= lowest positive 


j ; ale 7 
decode level, measure 


-71 dB 
at PWRO+ 
CTrt Crosstalk, Receive to Dp = OdBmO, 1.02 kHz, -71 

Transmit, VE sit = GRDA, 

Single Ended Outputs measure at Dx 


Vcc Power Supply 
Rejection, 
Receive Channel 




























Vee Power Supply 
Rejection, 
Receive Channel 














CTTrR Crosstalk, Transmit to 
Receive, 


Single Ended Outputs 








DISTORTION 







































































[simbf————Paamawr ‘| ——‘Tonatnn [im | Tym [ox | it 
SD1x Transmit Signal to Distortion, 0 < VFxI+ < -30 dBm0 36 dB 
w-Law Sinusoidal Input; -40 dBm0 30 dB 
CCITT G,712-Method 2 -45 dBm0O 25 dB 
SD2x Transmit Signal to Distortion, 0< VFyxI+ <-30 dBm0 36 dB 
A-Law Sinusoidal Input -40 dBm0 30 dB 
CCITT G.712-Method 2 45 dBm0O 25 dB 
SD3x Transmit Signal to Distortion, TBD 
A-Law White Noise input; CCITT 
G.712-Method 1 
Receive Signal to Distortion, 0< VFxI+ < -30 dBm0 36 dB 
y-Law Sinusoidal Input; -40 dBm0 30 dB 
CCITT G.712-Method 2 -45 dBm0 25 dB 
SD2pR Receive Signal to Distortion, 0< VFxI+ < -30 dBm0 36 dB 
A-Law Sinusoidal Input; -40 dBm0 30 dB 
CCITT G.712-Method 2 -45 dBm0O 25 dB 
SD3R Receive Signal To Distortion, TBD 
A-Law While Noise Input; 
CCITT G.712-Method 1 





DP x4 Transmit Single Frequency AT&T Adivisory # 64 (3.8) 
Distortion Products 0 dBm0O Input Signal 

DP Ri Receive Single Frequency AT&T Adivisory # 64 (3.8) 
Distortion Products 0 dBmO Input Signal 

IMD, Intermodulation Distortion, CCITT G.712 (7.1) 
End to End Measurement 

IMD»5 Intermodulation Distortion CCITT G.712 (7.2) 
End to End Measurement 

SOS Spurious Out of Band Signals, CCITT G.712 (6.1) 
End to End Measurement 

SIS Spurious in Brand Signals, CCITT G.712 (9) 
End to End Measurement 

Dax 


a Transmit Absolute Delay Fixed Data Rate CLKy = 2.048 









do i 


iS 
e) 














300 





MHz; 0 dBmO, 1.02 
kHz signal at VF I+ 
Measure at Dy 









































Dox Transmit Differential Envelope f = 500 — 600Hz 170 
Delay Relative to Dax f = 600 — 1000Hz 95 
= 1000 — 2600Hz 45 
f = 2600 — 2800Hz 80 
Receive Absolute Delay Fixed Data Rate, CLKp = 2.048 150 
MHz; Digital input is DMW 
codes, Measure at PWRO+ 
Receive Differential Envelope f = 500 — 600Hz 10 
Delay Relative toDar f = 600 — 1000Hz 10 
f = 1000 — 2600Hz 85 
f = 2600 — 2800Hz 110 
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TRANSMIT FILTER TRANSFER CHARACTERISTICS 


Input amplifier is set for unity gain, noninverting; maximum gain output 


ee 
Grx Gain Relative to Gain at 1.02 kHz | 0dBm0 Signal Input at VFx1+ _ 
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ar 
ete 
ee 


3400 Hz 


4000 Hz . 
4600 Hz and Above 


Fig. 8 - Transmit Filter 


EXPANDED 
SCALE 


TYPICAL FILTER 
TRANSFER FUNCTION 


GAIN RELATIVE TO GAIN AT tkHz (dB) 


TYPICAL FILTER 
TRANSFER FUNCTION 


FREQUENCY {Hz} 
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RECEIVE FILTER TRANSFER CHARACTERISTICS 


Symbol Parameter Test Conditions 
Gain Relative to Gain at 1.02 KHz | 0dBm0O Signal input at Dp 


Below 200 Hz 
200 Hz 








300 to 3000 Hz 


3300 Hz 


3400 Hz 
4000 Hz 
4600 Hz and Above 





Fig. 9 - Receive Filter 


GAIN RELATIVE TO GAIN AT tk#z (dB) 


KHz 


FREQUENCY (Hz) 
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EXPANOED 
SCALE 











AC CHARACTERISTICS — TIMING PARAMETERS 


CLOCK SECTION 


Clock Period, CLKy, CLKp feLKx= feLKR = 2.048 MHz 488 





Clock Pulse Width CLKy, CLK 
Data Clock Pulse Width’ 64 kHz < focLK < 2.048 MHz 


Clock Duty Cycle CLKyx, CLKp 
Clock Rise and Fall Time 





TRANSMIT SECTION, FIXED DATA RATE MODE? 


Tes | Simwtseuptine fT 
Tien Setvowtinn 












—_ 
pS 
ol 











je 
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Receive Data Setup 


Receive Data Hold 
Frame Sync Delay 


SIGR Update 





NOTES: 


1. Devices are available which operate at data rates up to 4.096 MHz; the minimum data clock pulse width for these | 
devices is 110 ns, 


2. Timing parameters toz~x, tyz»x, and tsorr are referenced to a high impedance state 
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WAVEFORMS 
Fixed Data Rata Timing — Transmit Timing 


tcy TIMESLOT 
2 3 4 5 6 7 8 
CLK 
t, ts 
FSyx Ho 











NON SIGNALING 
FRAMES 
tesp 


FSy 


SIGNALING 
FRAMES 


TIMESLOT 





tozH t 
topx HZX Tr 
Dy BIT 1 BIT 2 BIT 3 BIT4 BITS BIT 6 BIT 7 BITS 


t son 





'SOFF 








=~ tsH 


S1Gx DON’T CARE , VALID R DON'T CARE 


$-8591 


NOTE: All timing parameters referenced to Vj} and Vj_ except tpoz~x, tsorr and tHz~x which reference a 
high impedance state. 


ieg.-> 





Receive Timing 


TIMESLOT 








FSR 


NON SIGNALING 
FRAMES 











FS 
SIGNALING 
FRAMES 


TIMESLOT 








tosH 


HK XUX_+ NUK XK NUK) 


OR 
STABLE 





VALID ( VALID 


NOTE: All timing parameters referenced to Vj}4 and VjiL. 
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TRANSMIT SECTION, VARIABLE DATA RATE MODE? 


Data Delay from DCLKx 0< CLoap < 100 pf | Lo 
Timeslot to Dx Active 0< CLoapb < 100 pf / 0 








Timeslot to Dx Inactive 0< CLoapb < 100 pf 


RECEIVE SECTION, VARIABLE DATA RATE MODE 


Timeslot End Receive Time 





64 KB OPERATION, VARIABLE DATA RATE MODE 


tes_x Transmit Frame Sync FS» is TTL high for 488 
Minimum Downtime remainder of frame 

tFSLR Receive Frame Sync FSpr is TTL high for 1952 
Minimum: Downtime remainder of frame 


NOTES: 
1. Timing parameters toon and tporFr are referenced to a high impedance state. 
2. Device are available which operate at data rates up to 4.096 MHz. 
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VARIABLE DATA RATE TIMING 


Transmit Timing 





Receive Timing 
FSp 


apt ds leah 





AC Testing Input, Output Waveform 


2.0~ test pay 


0.8 


x POINTS. 


0.8 
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ADVANCE DATA 


M5916 AND M5917 PCM COMBO 


@ M5916 up-LAW, 2.048MHz MASTER CLOCK 
@ M5917 w-LAW, 2.048MHz MASTER CLOCK 


@ INCREASED LINECARD_ DESTINTIES 
FROM 16-PIN PACKAGE 


@ PARTICULARLY USEFUL FOR DIGITAL 
HEADSET APPLICATIONS 
@ LOW POWER MODE (3) : 
— S5mW TYPICAL IN POWER DOWN MODE 
— 8mW TYPICAL IN STANDBY MODE 
— 70mW TYPICAL IN OPERATION MODE 
@® TIMING MODES : 
— VARIABLE 64KHz to 2.048MHz 
— DIRECT 2.048MHz PIN CONFIGURATION 


@ COMPATIBLE WITH TTL AND CMOS 


@ LOW POWER PIN VERSION COMPATIBLE 
WITH INTEL 2916/2917 


@ COMPATIBLE WITH AT&T D3/D4 AND 
CCITT 


B F 
DIP-16 Plastic DIP-16 Ceramic 










ORDERING NUMBER: M5916B1 
M5916F 1 
M5917B1 
M5917F 1 


DESCRIPTION 


The M5916 and M5917 make available some of 
the features found in the M5913 and M5914. 
Since they are basically low in power and small 
in package size, they are particularly useful for 
digital handsets and cellular telephones where 
these features are particularly desirable. (See 
pin connection). 





PIN NAMES 


Ves Power (-5V) Analog Input 

PWRO+,PWRO- Power Amplifier Outputs Analog Ground 

PDN Power Down Select Timeslot Strobe/Buffer Enable 
Receive Variable Data Clock Transmit Variable Data Clock 


Receive PCM Input Transmit PCM Output 
Receive Frame Synchroniza- Transmit Frame Synchroniza- 
tion Clock tion Clock 

Digital Ground Master Clock 

Transmit Gain Control Power (+ SV) 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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BLOCK DIAGRAM 


AUTO ZERO 


SAMPLE Dx 


AND HOLD COMPARATOR S.A.R OUTPUT TS x /OCLK x 
AND DAC REGISTER 


RCV ~ | CONTROL 
SECTION SECTION 
FILTER | CONTROL 


|_BUFFER | eel 
BUFFER [_ 
SAMPLE 
AND 7OEe 


D.A.C 


INPUT 
REGISTER 


S-7589/] Vec Veg GRDD GRDA 


S.A.R. = Successive Approximation Register 





ABSOLUTE MAXIMUM RATINGS 
















Temperature Under Bias 


cs 
| Tats | Storage Temperature | B5tovts0 | 
[vec tron [WineweroVme «Cw 
(vi | Atinioupurvolaewinveneie Vee | ager |v 


Stresses above those listed under ‘’Absolute Maximum Ratings’’ may causes permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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PIN DESCRIPTIONS 


Vep Negative supplies: -5V + 5%. 












Power amplifier non-inverting output. Directly drives high impedance loads or 
hybrids either in single ended or differential configuration. 





DN Select for power down. When it is TTL low, power down is effective; when high, 
the device is active. 
DCLKp Fixed or variable data rate mode select. The fixed data rate mode is selected when 





DCLK is connected to Vag. If not connected to Vaz, the variable data rate mode 
is effective, and DCLKp is the receive data clock, operation at TTL levels from 
64kB to 4.096 MB level data rates. 


PCM input data receive. Data are clocked in on consecutive receive data clock 
transitions, with DCLK p invariable, and CLK in fixed, data rate mode. 


FSp 8KHz frame synchronization clock input/timeslot enable, receive channel. Signal 
should stay high throughout variable data rate mode timeslot. Whenever FS», 
is TTL low for 300ms, receive channel goes into standby. 


GRDD Internal logic circuits’ digital ground. No internal link to GRDA. 


CLK Master and data clock for the fixed data rate mode; only master clock in variable 
data rate mode. 


FSx 8KHz frame synchronization clock input/timeslot enable, transmiit channel. 
Works like FSp, but independently. Whenever FSy is TTL low for sors. trans- 
mit channel goes into standby. 


Dy Transmit PCM Output. Transmit data clock, clocks them out on 8 consecutive 
positive transitions. Transmit clock in CLK in fixed data rate mode and DCLKyx 
in fixed data rate mode. 


TS, /DCLK x Transmit channel timeslot strobe (output) or data clock (input) for the transmit 
channel. In fixed data rate mode, this pin is an open drain output designed to 
be used as an enable signal for a 3-state buffer. In variable data rate mode, this pin 
becomes the transmit data clock which operates at TTL levels from 64kB to 
2048 MB data rates. 








GRDA Overall internal voice circuit analog ground return. No internal link to GRDD. 
VF I- Uncommitted transmit operational amplifier inverting analog input. 


GSx On-chip uncomitted op-amp output terminal, serving internally as transmit filter 


voice signal input. 





Vec +5V + 5% input voltage; positive supply. 
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FUNCTIONAL DESCRIPTION 


The M5916 and M5917 convert from analog to 
digital and vice-versa, and provide receive and 
transmit filtering sufficient for a full duplex 
4-wire voice telephone circuit interface, using 
the PCM highways in a time division multiplexed 
system (TDM). These are used at the PM line 
analog termination. 


Major functions are as follows: 


@ Analog signal bandpass filtering before coding 
and after decoding; 


@ Voice and call progress information coding 
and decoding; 


@ Signalling and supervision information coding 
and decoding. 


GENERAL OPERATION 
System Reliability Features 


Combochip powering takes place by pulsing FS, 
and/or FSp at the same time as TTL high voltage 
is applied to PDN, on condition that all clocks 
and supplies are connected. The M5916 and 
M5917 reset internally when power is applied 
(or when Vgp or Vee are re-applied) to ensure 
digital output validity, so that PCM highway 
integrity is maintained. 


Digital outputs Dx and TSy are maintained in 
high impedance state for about four frames 
(500us) after power, Veg or Vec is applied to 
_ the transmit channel. 


The result of this delay is that Dx and TS, 
will take place in the proper timeslot and be 


Table 3 — Power-Down Methods 













Power-Down 
Method 





Power Down Mode 


Standby Mode | 


Only transmit is on standby FS» is TTL low 
Only receive is on standby 













functional. Transmit side analog circuits reach 
equilibrium in about 6Oms because of the 
autozero setting time. 


For system reliability enhancement, TS, and Dy 
are placed in high impedance state about 20Qus 
after CLK interruption. 


Power Down and Standby Modes 


Two power down modes are available to mini- 
mize power consumption; these disable most 
M5916/M5917 functions. In these modes, only 
power down, clock and the frame sync. buffers 
are enabled; these last are needed for power 
up. As shown in Table 3, the digital outputs 
on the appropriate channels are placed in a 
high impedance state until the device returns 
to the active mode. 

An external control signal to the PDN pin is 
used in Power Down mode. Reduction of power 
consumption to 5mW, on the average, is achieved 
in this mode. When the signal is high, the device 
is active; when it is low, inactive. If no signal is 
received, the device remains active continuously, 
since the PDN pin has floated to TTL high. 


The user, when employing standby mode, has 
the option of singly powering down either 
channel or the entire device by choosing to 
remove FS, and/or FSp. Power consumption 
is diminished to 12mW, on the average, when 
both channels are in standby. FS, should be 
applied while holding FS, low, if transmit 
only operation is wanted. Likewise, FSp, should 
be applied while holding FS, low, if receive only 
is wanted. 






Typical 
Power 
Consumption 






Digital Output Status 






TS» and Dy are placed in a high 
impedance state within 10us. 


TS» and Dy are placed in a high 
| impedance state within 300ms. 


70mW TS» and Dy are placed in a high 
impedance state within 300ms. 






Fixed Data Rate Mode 


By connecting DCLKp, to Vez, fixed data rate 
timing is selected. Master clock CLK, frame 
synchronization clocks FS, and FS,p, and out- 
put TS, are used. 


Two uses are made of CLK: master clock for the 
codec and filter sections; and bit clock controlling 
data in and out from the PCM highway. 

The sampling frequency is set by 8kHz inputs 
FSyx and FSp,. Gating the PCM word on the 
PCM highway when an external buffer drives 
the line is carried out by the timeslot strobe/ 
buffer enable output TS. 

Data is received on the highway at Dp, on the 
first eitht falling edges of CLK. Likewise, on the 
transmit. side, data is transmitted on the first 
eight positive transitions of CLK after the rising 
edge of FSyx. CLK frequency is 2.048MHz, 
the only operational frequency allowed in 
this mode. 


Variable Data Rate Mode 


By connecting DCLK p to the bit clock, rather 
than to Vpp, for the receive PCM highway, 
variable data rate timing is selected. Master 
clock CLK, bit clocks DCLK, and DCLKy,, 
and frame synchronization clocks FSp,_ and 
FS are used. 

A flexible data frequency is allowed for variable 
data rate timing. It is possible to vary the 
frequency of the bit clocks from 64KHz to 
2.048MHz, though the master clock remains 
restricted to 2.048MHz. 


The data clocks for the receive and transmit 
PCM highways are DCLKp, and DCLK, in this 
mode. PCM data from Dy is transmitted onto 
the highway during the following eight con- 
secutive positive transitions of DCLK, when 
FS» is high. Likewise, each PCM bit from 
the highway is received by Dp, on the next 
eight consecutive negative transactions of 
DCLKp when FSp [S high. 


The PCM word is repeated in all remaining 
timeslots in the 125us frame on the transmit 
side wheneever DCLK is pulsed, and FS, high. 
The PCM word can thus be transmitted to 
the PCM highway as often as desired in each 
frame; this feature is only available in variable 
data mode. 
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Precision Voltage References 


requires no 
combochip. 
On-chip voltage references are generated, and 


reference function 
with the 


The voltage 
external components 


during the manufacturing process, they are 
calibrated. A difference in subsurface charge 
density between two suitably implanted MOS 
devices to derive a temperature and bias stable 
reference voltage characterises this technique. 
The gain and dynamic range characteristics of 
the device are determined by these references. 


The transmit and receive sections are supplied 
with separate references; during the manufac- 
turing process, each is trimmed independently. 
Further trimming in the gain setting op-amps 
results in the reference value being converted 
into a final precision value. The combochip 
can thus reach regulator manufacturing tol- 
erances of + 0.04dB of half channel absolute 
gain, giving an important error margin to the 
user for other board components. 


TRANSMIT OPERATION 


Transmit Filter 


Passband gain adjustment in the input section is 
provided through use of an on-chip uncommitted 
operational amplifier. This provides a 2.17V 
common mode range, a 25mV maximum DC 
offset, a 5000 minimum voltage gain and a 
typical 1MHz unity gain bandwidth. Without 
decreasing filter performance, up to 20dB 
gain can be set. At amplifier output (GS,), load 
impedance to GRDA should be superior to 
10KQ in parallel with less than 50pF. Either 
AC or DC coupled input signals on lead VF x! 
can be used. Use of the input op-amp is limited 
to the inverting mode shown in Figure 3. 

An on-chip low pass anti-aliasing section is 
included, which normally makes available 35dB 
sampling frequency attenuation. The necessary 
anti-aliasing function for the transmit filter 
switched capacitor section does not require 
any external components. 


The AT&T D3/D4 channel bank transmission 
specification and CCITT recommendation G.712 
are fulfilled by the flatness and stopband at- 
tenuation from the passband section. The M5916 
and M5917 specifications equal or exceed 5 








digital class central office switching norms. 


The limits which are shown in Figure 4 apply 
for transmit filter transfer characteristics and 
specifications. 


To reject low frequency noise from 50 and 
60Hz power lines, 17Hz European electric 
railways, ringing frequencies and their harmonics, 
and other low frequency noise, a high pass 
section configuration was selected. The band 
edge sharpness provides low attenuation at 
200Hz even though these frequencies have a 
high rejection rate. Low cost transformer 
hybrids without external components can thus 
be used. 


Fig. 3 - Transmit Filter Gain Adjustment 





Coding 


The coder samples the transmit filter output 
internally; each sample is held on an internal 
sample and hold capacitor. An analog to digital 
conversion on a switched capacitor array is 
performed by the coder. On the first eight data 
clock bits of the next frame, digital data re- 
presenting the sample is transmitted. 


DC-offset on the coder input signal is corrected 
by an on-chip autozero circuit, which uses the 
sign bit averaging technique. The coder output 
sign bit is long term averaged and subtracted 
from the coder input. All DC offset is thus 
eliminated from the coder input waveform. 
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RECEIVE OPERATION 


Decoding 


On the first eight data clock bits of the frame, 
the Dp load PCM word is serially fetched. The 
digital word is subjected to a D/A conversion, 
and an internal sample and hold capacitor is 
used to hold the corresponding analog sample. 
The receive filter than takes over the sample. 


Receive Filter 


Passband flatness and stopband rejection fulfilling 
both the AT&T D3/D4 specification and CCITT 
recommendation G.712 are provided by the 
filter receive section. The required compensation 
for the (sin x)/x decoder response is contained 
in the filter. Within the limits shown in Figure 
5 will be found the receive filter characteristics 
and specifications. 


Receive Output Power Amplifiers 


In order to permit maximum output configur- 
ation flexibility, a balanced output amplifier 
is provided. Single ended loads can be driven by 
either of the two outputs single endedly (GRDA 
referenced). Otherwise, a bridged load can be 
driven directly by the differential output. Loads 
as low as 30022 single ended, or 6002 differen- 
tially can be driven by the output stage to levels 
of 12dBM and 15dBM, respectively. 


Transmission levels are specified relative to the 
receive channel output under digital mW 
conditions, that is, when the digital input at 
DR is the 8-code sequence specified in CCITT 
recommendation G.711. 





DC CHARACTERISTICS (Tamp = 0°C to 70°C, Veg = +5V + 5%, Ven =-5V + 5%, GRDA = OV, 
GRDD = OV, unless otherwise specified) 


DIGITAL INTERFACE 


lie Low Level Input Current GRDD < Vir (1) 











| i 

vn 

gh net iputGuvane—[Vin# Vins Vee 
vag [rowttowvonme 
— 

Es 

ae 

a 


Vo Output Low Voltage lot = 3.2mA at Dx, TS 
VOH Output High Voltage loH = 9.6mA at Dx 2.4 
Ox 









fear [vecownimane | 
sss | Vesreniog@ivans | 
FSX FSR < Vieiaftersooms || 
Operating Power Dissipation (3) Fo es ee | 
Poo a_i 

ba 









Power Down Dissipation (3) PDN < Vj,: after 10us 
Standby Power Dissipation (3) FSx, FSR < Vy: after 300ms 


NOTES: 

1. Vin is the voltage on any digital pin. 

2. Timing parameters are guaranteed based on a 100pF load capacitance. Up to eight digital outputs may be connected 
to a common PCM highway without buffering, assuming a board capacitance of 60pF. 

3. With nominal power supply values. 














ANALOG INTERFACE, TRANSMIT CHANNEL INPUT 


lIsx1 Input Leakage Current, VF x|- -2.17V < Vin S 2.17V 


a 
Input Resistance, VF xI- ee lO tM | 
ta 
S000 | | 
hei] MHz 














ae 
DC Open Loop Voltage Gain, GS pe a 
ic | Open Loop Unity Gain Bandwidth, GSx_ | 
[Lesd GapacitnceGSxSSC~dSCSSSCSCSC“*~‘“~*~dCSC*d 
[Minimum Load Resitance, GS | C«d SO 


ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STAGE 


PEF REE 
x |X Ix O |m {Xx 









Rona | Outmenenencs FYROKPWRO. TS 
Single-Ended Output DC Offset, PWRO+ Relative to GRDA fee 
PWRO- 


Output Voltage Swing Across Rx, PWRO+, | Ry = 3002 with OV Offset -3,06 
PWRO-, Single-Ended Connection 

Differential Output Voltage Swing, PWRO+,) R,_ = 6002 6.12 
PWRO- Balanced Output Connection 

AC CHARACTERISTICS - TRANSMISSION PARAMETERS 

If not noted otherwise, analog input is OdBmO, 1020Hz sine wave. Unity gain, inverting setting for input 






< <| Oo < 
Oo 0 | O 
D ym | 77) 
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Symbol 










EmW 


















m 

S. 

= 
+ 
n 


EmW variation with Temperature 
and supplies 












DmW Digital Milliwatt Response 


(Receive gain tolerance) 













amplifier. Digital input is PCM bit stream generated by passing through and ideal encoder a OdBmO 
1020Hz sine wave. Single-ended receive output measurement. All output levels (sin x)/x corrected. 
Coder Milliwatt Response Signal input of 1.064 Vim, u-Law +0.04 | +0.15 | dBm0O 
Tamb= 25° Cc: Ves- -5V; Vec= +5V 
+ 5% supplies, 0 to 70°C -0.12 +0.12 
Based on nominal conditions 
input per CCITT Recommendation 
G.711. Output signal of 100Hz. 
DmW-rs | DmW variation with temperature | + 5% supplies, 0 to 70°C -0.08 +0.08 
and supplies 
OTLP1yx | Zero Transmission Level Point Referenced to 6002 +2.76 dBm 
Transmit Channel (QdBmO) p-Law | Referenced to 9002 +1.00 dBm 
OTLP1R | Zero Transmission Level Point Referenced to 6002 
Receive Chennel (OdBmO) u-Law Referenced to 9002 
OTLP2p | Zero Transmission Level Point Referenced to 600Q 


GAIN AND DYNAMIC RANGE 
Tye. | Max. | Unit | 
(Transmit gain tolerance) Signal input of 1.068 V;»4, A-Law 
Measured based on OTLPR. Signal +0.04 | +0.15 | dBm0O 
Tamb= 25° CG; VepB= -5V; Vcc= +5V 
OTLP2y | Zero Transmission Level Point Referenced to 6002 
Transmit Channel (OdBm0) A-Law | Referenced to 9002 
Receive Channel (0QdBm) A-Law Referenced to 9002 


NOTES: 

1. OdBmO is defined as the zero reference point of the channel for w-Law under test (OTLP). This corresponds to an 
analog signal input of 1.064 Vyme, or an output of 1.053 Vems. 

2. Unity gain input amplifier, signal input VF xI-. 
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GAIN TRACKING 
(Reference level = -10dBm0) 


GT1x Transmit Gain Tracking Error +3 to -40dBm0 
Sinusoidal Input; uw-Law -40 to -50dBm0 
-50 to -55dBm0 


GT2x Transmit Gain Tracking Error +3 to -40dBm0 
Sinusoidal Input; A-Law -40 to -50dBm0 
-50 to -55dBm0 
GT3x Transmit Gain Tracking Error CCITT G.712 
Wite Noise Input; A-Law ethod 1 
GT1p Receive Gain Tracking Error +3 to -40dBm0 
Sinusoidal Input; w-Law -40 to -50dBm0 
-50 to -55dBm0 
GT2p Receive Gain Tracking Error +3 to -40dBm0 
Sinusoidal Input; A-Law -40 to -50dBm0 
--50 to -55dBm0 


GT3p Receive Gain Tracking Error CCITT G.712 
Wite Noise Input; A-Law Method 1 


Nxc1 | Transmit Noise, Unity Gain 
C-Message Weithted 
Nxp Transmit Noise, Unity Gain 
Psophometrically Weighted 


Nrei | Receive Noise, C-Message DR =11111111 
Weighted; Quiet Code Measure at PWRO+ 


Nrece2 Receive Noise, C-Message Input to Dp is zero code 
Weighted: Sign bit toggle sign bit toggle at 1kHz rate 
Receive Noise D p = lowest possible 
Psophometrically Weighted decode level 
Nor Single Frequency Noise CCITT G.712.4.2. 
End to End Measurement 
PSRRz | Vcc Power Supply Reject., | Idle channel; 200mV P-P 
Transmit Channel agnet on supply; 0 to 
50kHz, measure at Dy 
Ves Power Supply Reject., | Idle channel; 200mV P-P 
Transmit Channel Ede on supply; 0 to 
50kHz, measure at Dx 


Vec Power Supply Reject., Idle channel; 200mV P-P 
Receive Channel signal on supply; measure 
narrow band at PWRO+ 

single ended, 0 to 50kHz 


Idle channel; 200mW P-P 
signal on supply; measure 
narrow band at PWRO+ 

single ended, 0 to 50kHz 





NOISE 






Test Conditions 
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PSRRq | Veep Power Supply Reject., ~25 


Receive Channel 













! ! 1 
N) NO Ww 


CTt+r Crosstalk, Transmit to Input = OdBm, Unity Gain. -71 
Receive Single Ended 1.02kHz, Dp = lowest 
Output positive decode level, 
measure at PWRO+ 
CT rt Crosstalk, Receive to Dp = OdBmO, 1.02kHz, ~71 
Transmit measure at Dx 














DISTORTION 












Cc 
3 
Py 












36 
30 
25 


0 to -30dBm0 
-30 to -40dBm0 
-40 to -45dBm0 


Transmit Signal to Distortion, 
p-Law Sinusoidal! Input; 
CCITT G.712-Method 2 (5916) 





















SD2yx Transmit Signal to Distortion, 0 to -30dBm0 36 
A-Law Sinusoidal Input; -30 to -40dBm0 30 
CCITT G.712-Method 2 (5917) ~40 to -45dBm0 25 


Transmit Signal to Distortion, TBD 
A-Law Wite Noise Input; 


CCITT G.712-Method 1 (5917) 


















Q QqQaa Qaqaq 
es] www ww 







0 to -30dBm0 
-30 to -40dBm0 
-40 to -45dBm0 


Receive Signal to Distortion, 
y-Law Sinusoidal Input; 
CCITT G.712-Method 2 (5916) 



















0 to -30dBm0 
-30 to -40dBm0 
~40 to -45dBm0 


Receive Signal to Distortion 


SD2p 

A-Law Sinusoidal Input; 

CCITT G.712-Method 2 (5917) 
SD3R Receive Signal to Distortion, 

| A-Law Wite Noise Input; 

CCITT G.712-Method 1 (5917) 
DP; | Transmit Single Frequency AT&T Advisory # 64 (3.8) 

Distortion Products 0 dBm0O Input Signal 
DPri Receive Signal Frequency AT&T Advisory # 64 (3.8) 

Distortion Products 0 dBm0 Input Signal 
IMD, Intermodulation Distortion, CCITT G.712 (7.1) 

End to End Measurement 

Intermodulation Distortion, CCITT G.712 (7.2) 

End to End Measurement 

Spurious Out of Band Signals, CCITT G.712 (6.1) 

End to End Measurement 

Spurious In Band Signals, CCITT G.712 (9) 

End to End Measurement 
ca Transmit Absolute Delay Fixed Data Rate, CLK = 2.048MHz; 


D 

OdBmO, 1.02kHz Input-Signal, 
D 
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AX 
Unity Gain. Measure at Dy 
Dx Transmit Differential Envelope 
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= 600 — 1000Hz 
= 1000 — 2600Hz 
= 2600 — 2800Hz 
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Fixed Data Rate, CLK = 2.048MHz; 
Digital Input is DMW codes. 
Measure at PWRO+ 
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TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 


Input amplifier is set for unity gain, inverting 


Gain Relative to Gain at 1.02kHz 0 dBm0O Signal Input at VF I- - 


En 







oor CdS 
200Hz 
300 to 3000Hz 






4000Hz 
4600Hz and above 





Fig. 4 - Transmit Channel 


TYPICAL FILTER 
TRANSFER FUNCTION 


GAIN RELATIVE TO GAIN AT tkHz (6B) 


TYPICAL FILTER 
TRANSFER FUNCTION 





: 10 SOHr 100Hz KHz WOK He 


FREQUENCY (Hz) 
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RECEIVE CHANNEL TRANSFER CHARACTERISTICS 


Grr Gain Relative to Gain at 1.02kHz 0 dBm0 Signal Input at Dp 
_ | Below 200Hz 


rT 
oe 
[soowwaone SP 
a 
a 
wom 

ome msaaeael 


4600Hz and above 





Fig. 5 ~- Receive Channel 


GAIN RELATIVE TO GAIN AT IkHz (dB) 


Khe 


FREQUENCY (Hz) 
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EXPANDED 
SCALE 











AC CHARACTERISTICS — TIMING PARAMETERS 
CLOCK SECTION 


fo [SaRiwaeritne 

















TRANSMIT SECTION, FIXED DATA RATE MODE (1) 


Data Enabled on TS Entry 


Data Delay from CLK 0< Coan < 100pF es ae 













Test Conditions 






0< CLoaAD < 100pF 









Timeslot X to Enable 0<C; opp < 100pF 


tsoFF Timesiot X to Disable CLoap = 9 






Frame Sync. Delay 








RECEIVE SECTION, FIXED DATA RATE MODE 


cee 


NOTES: 
1. Timing parameters tpz x, and tsorr are referenced to a high impedance state. 
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WAVEFORMS 


Fixed Data Rate Timing — Transmit Timing 


CLK 


NOTE: All timing parameters referenced to Vj}, and Vj, except tozx, tsorF and tyz»x which reference a 


high 


Receive Timing 





TIMESLOT 





tcy : 
7 1 2 3 4 5 6 7 8 
tesp 
; t, tt 
g 


TIMESLOT 








2 3 4 5 6 7 8 1 


t 
OZH tony tuzx— Fal = 





t 
SOH tSorF 


S~-7602/) 


impedance state. 


TIMESLOT 





| 5 
tt 


TIMESLOT 








6 i. 8 


tosH Ty 
HEIR __NUK_+_ NUK. _XUUK— XUTK_— TK KUN XK ND 


S-7591/1 


Og 
STABLE 


NOTE: All timing parameters referenced to Vj}, and Vj,. 
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TRANSMIT SECTION, VARIABLE DATA RATE MODE (1) 


Data Delay from DCLKx 0< Cropp < 100pF 


Timeslot to Dx Active 0o< CLOAD < 100pF ae 







Timeslot to Dy Inactive 0<Cioa~p < 100pF 


Data Delay fromFS ttspx = 80ns 







RECEIVE SECTION, VARIABLE DATA RATE MODE 
















Data Hold Time 
Data Clock Frequency 


tseER Timeslot End Receive Time 


64 KB OPERATION, VARIABLE DATA RATE MODE 


tes_x Transmit Frame Sync. FS is TTL high for 488 
Minimum Downtime remainder of frame 

tEs_R Receive Frame Sync. FSR is TTL high for 1952 
Minimum Downtime remainder of frame 


NOTES: 
1. Timing parameters toon and tporr are reference to a high impedance state. 
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Receive Timing 


OON'T CARE 


Note: All Timing Parameters Referenced to Viz, and Vy, Except toon and torr which Reference a High 
Impedance State 





AC Testing Input, Output Waveform 


2.0~ resp 729 
0 gx POINTS 


0.8 
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ADVANCE DATA 


DTMF TRANSMITTER WITH REDIAL AND OUTPUT FLASH 


e IT IMPROVES THE DTMF FUNCTION WITH 
REDIAL AND CALIBRATED OUTPUT 
TONES 


@ MEMORY OF 21 DIGITS 


e PARALLEL INTERFACE WITH TELEPHONE 
LINE OR THROUGH SGS ORIGINAL 
SPEECH CIRCUIT FAMILIES (see Typical 


Application) DIP-16 Plastic (0.25) 
e DISTORSION: BELOW 2% IF USED WITH ORDERING NUMBER: M6569B1 
SGS SPEECH CIRCUIT; IN STAND ALONE M6579B1 


LESS THAN 5% 


@ OUTPUT FLASH AVAILABLE ON M6579 (90ms) 
OPTION FOR 270ms AVAILABLE ON eKEYBOARD INTERFACE WITH 12 (M6569) 
REQUEST AND 16 (M6579) BUTTONS. 


ABSOLUTE MAXIMUM RATINGS 






















VpD Supply Voltage +5.5 

VIN Voltage at any Pin Vss —0.3V to Vpp + 0.3V V 
Tstg Storage Temperature Range —65 to +150 °C 
Top Operating Temperature Range —25 to +70 °C 





300 


Stresses in excess of those listed under ‘“‘Absolute Maximum Ratings’ may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions in excess of those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


PIN CONFIGURATION 


Lead Temperature 


Yop TONE 
CE DIS 
a R41 
C2 R2 
C3 R3 
Ys R4 
sce MUTE 
OSC.OUT Ch 





$-8908 $-8909 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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ELECTRICAL CHARACTERISTICS 


M6569/M6579 Electrical characteristics: Specification apply over the operating temperature range of 0°C 
to +70°C unless otherwise noted. Absolute values of measured parameters are specified. 


, (Vpp-Vss) 
Symbol Parameter Test Condition Volts Unit 


SUPPLY VOLTAGE 









SUPPLY CURRENT 









Standby (No Key Depressed), 
Tone, Mute and Flash 
Outputs Unloaded, CE = Low 


uA 
uA 





Operating (One Key Selected, Tone, 
Mute and Flash Outputs Unloaded) 
Operating During Flash 


TONE OUTPUT 


Low Group Freq. Voltage Ry = 390kQ | 5.0 | 330 | 690 | 
Ratio Of Column To Row Tone en 
a 


MUTE AND FLASH OUTPUTS 







% 





Output Source Current 


Output Sink Current 





* 2% - if used with SGS speech circuit, otherwise 7% 


Comparisons of Specified vs. Actual Tone Frequencies Generated by M6569/M6579. 


Active Output Frequency HZ % 


Note: % error does not include oscillator drift. 
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DESCRIPTION OF M6569/M6579 


TONE GENERATION 


It is obtained by division of master clock frequency. 
The cycle of each sinusoid is obtained by digital syn- 
thesis and provides a 32-steps approximation. The 
D/A converter, which performs it, is a resistor network. 
It is connected to the two reference level Vpp and 
VREF. 

VREF is proportional to the supply voltage. 
Output amplitude, which is a function of (Vpp- 
VREF), increases with supply. 

VREF is chosen so that it is above the Vee drop 
of the tone output transistor voltage range. 
Tone output clipping at low supply voltage is thus 
eliminated, which improves distorsion performan- 
ce (2% or 7% according note*). 


HOW M6569/M6579 WORKS 


Redial memory is filled automatically during first 
digitation. 

Redial is inhibited when more than 21 digit are dialed. 
Redial is actuated pushing ‘‘*’’ button, after off 
hook operation (M6569). In M6579 the Redial is per- 
formed pressing the “‘R”’ key, as indicated in key- 
board configuration table. 
During redial keyboard is diseabled. The keyboard 
is interfaced to a scanning circuitry, whose oscil- 
lator is unactivated when keys are not pushed. 


When the M6569/M6579 oscillator is not running 
(key not pushed) the rows show pull down resistors 
and columns show pull-up resistors: being the re- 
sistors realized with active elements, their value de- 
pends on Vpp as R Vs Vpp. 


Typical Resistance Values 


Pull-up Resistance (Typ) 
3.5kQ 
1.7kQ 
Pull-down Resistance (Typ) 


2.0V 300kQ 
30.0kQ 































Keyboard inputs are also drivable by standard 
CMOS outputs. 


CHIP ENABLE 


On M6569/M6579 CE pin is active high. When CE 
is low, TONE output goes to Vss, inhibiting the oscil- 
lator and setting “low” MUTE and disconnect outputs. 


MUTE OUTPUT 


This is a push-pull output. When no key is depres- 
sed, MUTE OUT is low, otherwise is high for at least 
7Omsec (duration of tone calibration). 


FLASH FUNCTION (available on M6579 only) 


DIS output is a push pull buffered output. It is nor- 
mally High and goes Low when a depression on 
F key occurs. 

DIS output is then activated for 90 msec. (or 270ms 
on request). 


DISCONNECT FUNCTION (M6579 only) 


It activates the DIS output, when D key is de- 
pressed. 

Unlike the F key, D key holds DIS output as long 
as it is depressed. 


PAUSE FUNCTION (M6579 only) 


During the redial, this key interrupts the dialling se- 
quence, until any other key is pressed. 


DISTORSION PERFORMANCES 
OF M6569/M6579 
(With filtering action through LS656). 


The following pictures show the output waveforms, 
both at the output of M6569/M6579 and at the out- 
put of a two pole filter. 

















Fig. 1 - Frequency output of single tone emission Fig. 2 - Frequency output of dual tone emission 


START OHe 





Fig. 3 - Single tone at M6569/M6579 output Fig. 4 - Single tone at the two pole filter output 
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Fig. 5 - Dual tone at M6569/M6579 output Fig. 6 - Dual tone at the two pole 


recs 


filter output 


pore rear tensa aasa 








Eran 








foe aon 


CE 


KEYBOARD . 
INPUT 
MUTE 


OSCILLATOR 


| te | 
D. 
TONE OUT | | | 
«>| |~—» 
t iG 


F S- 8901 


REDIAL | 


MUTE 


Cee 
TONE OUT a l - | [ 4 


S- 8911 


ta = DEBOUNCE TIME = 18ms 

ty =KEY RELEASE TIME =6ms 
tgp = MIN. MUTE PULSE WIDTH = 73ms 
tc = OSCILLATOR START UP =3ms 
te = OSCILL. MIN ON TIME = 140ms 

tp = TONE OUT DELAY =21ms 

te = MINIMUM TONE OUT = 70ms 

tg = MINIMUM OFF TIME = 70ms 
tELASH = 90ms 

tnext = 50ms 


FLASH KEY 





573 











TONE RINGER 


® DESIGNED FOR TELEPHONE BELL RE- 
PLACEMENT 


LOW CURRENT DRAIN 

SMALL SIZE “MINIDIP’ PACKAGE 
ADJUSTABLE 2-F REQUENCY TONE 
ADJUSTABLE WARBLING RATE 


BUILT-IN HYSTERESIS PREVENTS FALSE 
TRIGGERING AND ROTARY DIAL 
“CHIRPS” 


@ EXTERNAL TRIGGERING OR RINGER 
DISABLE (ML8204) 


@ ADJUSTABLE FOR REDUCED SUPPLY 
INITIATION CURRENT (ML8205) 


@® TELEPHONE SET TONE RINGERS 
@ EXTENSION TONE RINGER MODULES 
@ ALARMS OR OTHER ALERTING DEVICES 


The ML8204/ML8205 tone ringers are mono- 
lithic devices, each incorporating two oscillators, 
an output amplifier and a power supply control 


BLOCK DIAGRAM 


Vg 

TRIGGER IN 

(ML8204) 

POWER SUPPLY 

CONTROL 
CIRCUIT 

Rey (WITH HYSTERESIS) 

(ML8205) 

GNO 









LOW FREQUENCY 
OSCILLATOR 





ADVANCE DATA 


circuit. The oscillator frequencies can be ad- 
justed over a wide range by selection of external 
components. One oscillator, normally operated 
at a low frequency (f, ), causes the second oscil- 
lator to alternate between its nominal frequency 
(f441), and a related higher frequency (f,42). The 
resulting output is a distinctive ‘warbling’ tone. 
The output amplifier will drive either a trans- 
former coupled loudspeaker or a piezo-ceramic 
transducer. The device can be powered from a 
telephone line or a fixed d.c. supply. The power 
supply control circuit has built-in hysteresis to 
prevent false triggering and rotary dial ‘’chirps”’. 
The ML8204 can be triggered externally under 
logic control. The ML8205 has provision for ad- 
justment of the power supply initiation current. 


Minidip Plastic 


ORDERING NUMBERS: ML8204AE 
ML8205AE 






OUTPUT 










TIME CONSTANT 


LOW f HIGH f 


TIME CONSTANT 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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30 V 
-45 to 65 [Cc 
-65 to 150 zt 6 
400 


S Supply voltage - GND 
Top Operating temperature 
Storage temperature (E package) 
Total power dissipation (E package) ° 





* 


Exceeding these ratings may cause permanent damage. Functional operation under these conditions is not implied. 
@ Derate 6.3mMW/C above 25°C. All leads soldered to PC board. 


CONNECTION DIAGRAMS 
(Top view) 








‘s OUTPUT 
TRIGGER IN |} 2 i HIGH f 
ML8204 TIME 
CONSTANT 
LOW f 
TIME 
CONSTANT nb 
S- 8874 
Vs OUTPUT 
Rs | HIGH ¢ 
ML 8205 TIME 
jconereny 
LOW f 
TIME 
CONSTANT GNO 
S-6875 
THERMAL DATA 
Rth-amb ‘Thermal resistance junction-ambient | {max 6.3 mW/°C 
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ELECTRICAL CHARACTERISTICS (All voltages referenced to GND unless otherwise noted 
Tamb = 25°C) 


si Supply initiation voltage (1) Trigger in open circuit (ML8204) 











V 
V 17 
1.4 


Rs, =6.8KQ2 (ML8205) 


Vrr_ Trigger voltage (3) 
ITR 


Isj Supply initiation current 








0 
1 


Vpis Disable voltage (4) 


Ibis Disable current (4) 


<[5 |< 


me 
o 


7 
0.5 
10 
17 


Vo Output voltage No load V, = 21V | 
fo Oscillator frequency tolerance Component tolerance excluded a ae ae | 


Notes: (1) Vg; is the value of supply voltage which must be exceeded to trigger oscillation. 
(2) Veys is the value of supply voltage required to maintain oscillation. 
(3) V+pR and I+Rp are the conditions applied to Trigger In to start oscillation for Vey, < Vs < Vs. 
(4) Vpys and Ipjs are the conditions applied to Trigger In to inhibit oscillation for Voj < Vs. 
(5) Trigger Current must be limited to this value externally. 





Fig. 1a-Supply current vs. Fig. 1b -Load voltage and 
supply voltage (No_ load) supply current vs. load 
current 6-5970 

. CLOT Is 

(Vrms) (mA) 





































































































































































































26 30 34 Vo (V) 0 10 20 30 I, (mA) 
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FUNCTIONAL DESCRIPTION 


The M8204/ML8205 Tone Ringers are primarily 
intended for use as replacements for the mechan- 
ical bell in telephone sets. Each incorporates two 
oscillators, an output amplifier and a power sup- 
ply control circuit. The devices can be powered 
directly from the telephone line using the a.c. 
ringing voltage, or they may be powered from a 
separate d.c. supply. The output amplifier is 
capable of driving a wide range of load impe- 
dances when powered from a low impedance sup- 
ply. The power supply control circuit provides 
the hysteresis required to ensure positive trigger- 
ing of the device and to prevent transient trigger- 
ing due to dial pulsing. 


As the power supply voltage to the ML8204/ 
ML8205 is increased up to the supply initiation 
voltage (Vi), the supply current also increases up 
to I,;). When V, is exceeded, oscillation begins 
and the static power supply current decreases 
(see Fig. 2a). The low frequency oscillator (LFO) 
oscillates at a rate (f,) controlled by an external 
resistor and capacitor. The frequency can be de- 
termined using the relation f, = 1/(1.234RC) 
where R is the value of the resistor connected 
between pins 3 and 4, and C is the value of the 
capacitor connected between pin 3 and ground. 


The output of the LFO is internally connected 
to the switching threshold circuitry of the high 
frequency oscillator (HFO). When the output of 
the LFO is high, the HFO oscillates at its nominal 
rate (f4;), described by the relation f,4; = 1/ 
(1.515RC) where R is the value of the resistor 
connected between pins 6 and 7, and C is the 
value of the capacitor connected between pin 6 
and ground. When the output of the LFO is low, 
the HFO oscillates at a higher rate (f,,.) described 
by the relation fyo = 1.25f,,,. Thus the LFO 
sets the warbling rate: the rate at which the HFO 
switches between the two tone frequencies f,4. 
and fyy.. Oscillation continues until the supply 
voltage decreases below the sustaining voltage 
(Vsus). At this point, the power supply current 
undergoes a step increase (from I.y,), and then 
ramps down in accoardance with the supply 
voltage. 


In normal applications, Trigger in (pin 2) of the 
ML8204 is left open circuit. This pin allows ex- 
ternal triggering of oscillation of the ML8204 at 
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supply voltages in the range Voy, S Vs S Vsj- To 
do so, a voltage at least equal to the minimum 
trigger voltage (V+) must be applied to pin 2. 


Triggering the device is accomplished by sourcing 
a minimum current (I7,) into pin 2. This current 
must be limited to prevent damage to the trigger- 
ing circuit. Tone ringer oscillation may also be 
inhibited at supply voltages in the range Vg < V; 
< Vs(max) by applying a maximum disable volt- 
age (Vpjs) to pin 2. Disabling is accomplished 
by sinking a minimum current (Ipjs) out of pin 2. 
(See Applications Section for details on the 
operation and use of the Trigger in pin.). 


The ML8205 requires the connection of a resistor, 
Rs, to program the slope of its supply current: 
versus supply voltage characteristic prior to trig- 
gering V; < V,;). This in turn determines the 
maximum supply initiation current (Ij; drawn 
at the initiation voltage (V,j;)). Programming is 
accomplished by connecting a slope determining 
resistor, Ro, between pin 2 and ground. The 
value of |,; varies inversely with the value of Re,. 
This feature can be used to control effective im- 
pedance presented to the telephone line by the 
ringer circuit. (See Applications section for de- 
tailed description on the operation and use of 
the Rs, pin.). 


The output amplifier of the ML8204/ML8205 is 
capable of driving a wide range of load impe- 
dances when driven from a low source impedance 
power supply. When the device is powered from 
a telephone line. load impedance should be kept 
fairly high (80092 or greater) to prevent power 
supply regulation problems. A transformer is 
thus required for driving loudspeakers as is an 
output coupling capacitor. Piezo-ceramic trans- 
ducers may be driven directly. However, the tone 
frequencies f,4; and fy. must normally be set 
higher (around 2KHz) to ensure that the trans- 
ducer delivers sufficient acoustic power. (Suitable 
piezo-ceramic transducers typically have max- 
imum efficiency around 2KHz). It is also necess- 
ary to connect a zener diode in parallel with 
the transducer to limit voltage surges generated 
by the transducer during mechanical shocks. 





TABLE 1 


pen PIN FUNCTION DESCRIPTION 





Positive power supply. 





Trigger in 








ML8204 - Oscillator external trigger/inhibit pin (Must be con- 
nected through a current limiting resistor when used.) 






ML8205 - Initiation Current (I,;) programming pin. (Must be 
connected.) 


Rst 














Low f 
Time 
Constant 







Low Frequency Time Constant adjustment pins. Used to set 
frequency at which high frequency oscillator switches f1 (by 
connection of appropriate resistor and capacitor. See Fig. 3) 





Negative power supply. 



















High f High Frequency Time Constant adjustment pins. Used to set 
Time nominal tone output frequency (f,41) (by connection of appro- 
Constant priate resistor and capacitor. See Fig. 3) 











Tone Output. (Must be capacitively coupled for transformer 
coupled or resistive loads.) 





EVENTS A B c | D | E F 









Ys 
Igy (NOTE1) 
Ig 4 
Isus 
f, OSC 
OUTPUT 
OUTPUT 


fa fun f 


TRIGG” R IN HIGH IMPEDANCE | | | | 
CNOWE 2). © ences sd is a meek ee 


1. Ig; VARIES WITH Roy ON ML8205 
2. TRIGGER IN ON ML8204 CONNECTED THROUGH CURRENT LIMITING RESISTOR. 


A) OSCILLATION TRIGGERED BY Vg, > Vgj. 
B) OSCILLATION MAINTAINED UNTIL V5 < Veus 

C) OSCILLATION TRIGGERED BY TRIGGER IN HIGH FOR Vsus < Vs < Vsi- 

D) OSCILLATION STOPPED BY TRIGGER IN LOW FOR Vg > Vsus- 

E) OSCILLATION TRIGGERED BY TRIGGER IN HIGH, MAINTAINED UNTIL Vg < Vgus- 
F) OSCILLATION INHIBITED BY TRIGGER IN LOW FOR Vg > Vg. 


H2 fH 
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APPLICATIONS 


Typical Telephone or Extension Tone Ringer 
Circuit 


The circuit shown in Fig. 3 illustrates the use of 
the ML8204/8205 devices in a typical telephone 
or extension tone ringer application. The a.c. 
ringing voltage appears across the TIP and RING 
inputs of the circuit and is attenuated by ca- 
pacitor C, and resistor R,. C, also provides 
isolation from d.c. voltages on the line. After full 
wave rectification by the diode bridge BR,, the 
waveform is filtered by capacitor Cg to provide 
a d.c. supply for the tone ringer chip. As this 
voltage exceeds the initiation voltage, V.;, oscil- 
lation starts. With the components shown, the 
output frequency chops between 512Hz (f,41) 
and 640Hz (fia) at a 10Hz (f,) rate. The loud- 


speaker load is coupled through a.1300Q to 8Q. 


transformer. While the output impedance of the 
ML8204 is quite low, the load impedance must 
be kept fairly high. This is to prevent d.c. power 
supply regulation problems due to high source 
impedance of the telephone line and coupling 
components C, and R,. The output coupling 


Fig. 3- Typical tone ringer circuit 
T Cl RI 





Tur 











Rs 
(ML8205) 15 uF 
35V 












Input Frequency 









Input Current 
(when ringing) 







Output Power (into 
8 transformer 
coupled load) 







nit 
Input voltage 120 | Vims Output frequencies 


Hz 
Output Voltage 
(Pin 8 ‘0’ loop) 


Output Sound 


capacitor C, is required with transformer coupled 
loads. The value shown (0.22uUF) presents a 
high enough impedance at the nominal ringing 
frequency to allow connection of fairly low 
impedance loads without upsetting the supply 
regulation. If the load impedance is large enough, 
then the value of this capacitor can be increased 
to couple more power to the load without up- 
setting the power supply to the ML8204. Po- 
tentiometer P,, is used to adjust the audio am- 
plitude and resistor Rg is a current limiting 
resistor. Resistor Rs is a quenching resistor used 
to limit back emf generated by the inductive 
load when ringing stops. When driving a piezo- 
ceramic transducer type load, the coupling ca- 
pacitor Cs is not required. However, a current 
limiting resistor is required as is a 29V zener 


diode in parallel with the transducer. This diode 


limits the voltage transients than can generated 
by mechanical shocking of a _ piezo-ceramic 
transducer. The electrical characteristics shown 
in Table 2 indicate typical performance of this 
circuit. The incoming ringing voltage and fre- 
quency are determined by the telephone system. 














1 0.22uF 
P) 
10KN 
VOL. 
ML8204 
RG 
C3 510n 
6800pF 
7: nue 1 
R5 
15K 
1300 N 8n 
ero," om S- 8878 





















ff 
fay 461 | 512 | 563 | Hz 
Fue 


576 640 704 Hz 














Pressure 


Use of Trigger In (Pin 2 ML8204) 


Pin 2 of the ML8204 may be used to a) ex- 
ternally trigger oscillation for voltages in the 
range Veys < Vz < Vg, or b) disable ringer ope- 
ration. The equivalent circuit at pin 2 is shown in 
Fig. 5. The ringer circuit can only oscillate when 
Q, is conducting. Normally when supply voltage 
V, exceeds the supply initiation voltage (V.j), 
base current flows into Q,, via Dz and Dy, 
causing Q, to conduct. This continues until 
V,; is taken below the minimum sustaining volt- 
age (Vous). 


The ML8204 can be made to oscillate when 
powered from supply voltages in the range Vsys 
<V,; S V,j;. Oscillation is ensured by forcing a 


Fig. 4- Pin 2 input equivalent circuit 


ML8204 


Fig. 5a-Enabling oscillation of the ML8204 
for supply voltages less than V,; 






ML8204 


GND 
(O V) 


S~- 8880 











current I-_ (10UA < IzR_ < 1mMA) into pin 2 to 
provide base current to Q,. This requires the 
voltage applied to pin 2 to exceed V+pR where 
Vrp is the sum of the zener voltage of D3, the 
forward voltage drop of Dz and the Vpe of Q, 
(typically 11V). The required current drive can 
be provided by connecting a resistor Re between 
pin 1 and V, (Fig. 5a); where: 20KQ < Re < 
(V; - 11)/10MQ2. To operate the ML8204 from a 
d.c. 12V supply, Re should be typically 50KQ. 
This mode of operation can also be used to 
reduce the effective value of the V,,, by inserting 
a zener diode in series with Re (Fig. 5b). This 
modifies the initiating voltage to Vsj(ert) = VtrR 
+ Ve + 10Re (Re isin MQ2). 


TRIGGER IN 
(PIN 2) 


S-8879 


Fig. 5b -Reducing the effective value of V, for 
the ML8204 






10 
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Vei (Ett) TR Vz *10R_ 
(Re inMQ) 


VZ 


ML8204 


GND 
(OV) 











Oscillation of the ML8204 may be inhibited for When driven from a fixed d.c. supply, oscilla- 


voltages in the range Vs; < Vs S Vs (max) by tion of the ML8204 may be gated on or off by 
sinking the current from Dj, starving Q, of base CMOS or TTL logic as shown in Fig. 7a and 
current. This is achieved by either a) grounding Fig. 7b respectively. 


pin 2 (Fig. 6a), or b) applying a voltage Vin via 
’ a resistor Ry to pin 2 (Fig. 6b) to ensure that: 


Vpois < O8V, and Ibis = Mois SIN aqua. 
1 


Fig. 6- Inhibiting oscillation of the ML8204 


+Vo 


Os Vols <0.8V 
lois=Ypis~ Yin 240HA 
RI 


ML8204 ML8204 





Fig. 7a - Gating the ML8204 from CMOS Fig. 7b -Gating the ML8204 from TTL 


+12 TOHIS5V #12 TO+24V 






RING “L” 
INHIBIT "H” 









RING “L" ML8204 


INHIBIT "H ML8204 





GNO 


GNO (OV) 
(OV) $-8882 
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Programming the ML8205 initiation Current 


Pin 2 of the ML8205 requires connection of an 
external resistor Ro, (Fig. 8), which is used to 
program the slope of the supply current vs. 
supply voltage characteristic, and hence the 
supply current up to the initiation voltage (V,;). 
This initiation voltage remains constant in- 
dependent of Rs. The supply initiation current 
(1,;) varies inversely with Rs, decreasing for 
increasing values of resistance. Thus, increasing 
the value of Rs, will decrease the amount of 
a.c. ringing current required to trigger the device, 
As such, longer subscriber loops are possible 
since less voltage is dropped per unit length of 
loop wire due to the lower current level. Rg, can 
also be used to compensate for smaller a.c. line 
coupling capacitors (providing higher impedance) 


Fig. 8 - Adjusting I; by varying Rs. 


ML8205 


sKo| 5 6.8K 0 i 


(A) INCREASING Ic, 


Fig. 9a -I-V 
due to Rsv 


slope change 


G-5971 





































































































18 22 26 30 34 V<(V) 


ML8205 





which can be used alter the ringer equivalence 
number of a tone ringer circuit. 


The graph in Fig. 9a illustrates the variation of 
supply current with supply voltage of the ML8205, 
Three curves are drawn to show the change in 
the slope of the I-V characteristic with Rs_. 
Curve B (Rg, = 6.8K{2) shows the I-V charac- 
teristic for the ML8204 tone ringer. Curve A is 
a plot with Rg, = 5.0KQ and shows an increase 
in the current drawn up to the initiation voltage 
V,;. The I-V characteristic after initiation remains . 
unchanged. Curve C illustrates the effect of in- 
creasing Rs, to 13.0K{2. Initiation current de- 
creases but again current after trigging is un- 
changed. The variation of I,;, with Re, is il- 
lustrated in Fig. 9b. 





ML8205 





(C) DECREASING Ie, 


S-8883 


Fig. 9b -Supply initiation 
current (Ij) vs. Rep 


G-5972 
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Mitel F.C.C. Approved Tone Ringer Module 
Using ML8205 


The Mitel tone ringer module (cM3215) using 
the Mitel ML8205 tone ringer chip in the circuit 
below (Fig. 10) has been approved by the F.C.C. 
(F.C.C. Reg. Number BN285B673550TN). The 
circuit has been given a ringer equivalence of 
0.7 B. This accomplished by increasing the value 
of Rs to 13K{2 which reduces the supply initia- 
tion current (I,;). This reduction in |,; allows the 
use of higher line coupling components (R, = 
8.2KQ) while ensuring sufficient voltage drop 
between pins 1 and 5 of the ML8205 for trig- 
gering. The 5.1V zener diode D, presents a high 
impedance to low level signals on the telephone 


Fig. 10 - F.C.C. approved tone ringer circuit 


V, 250VRMS 










ci. 82K 


250V" uF 
















MITEL 
CM7055 
RINGING GENERATOR 











KEYTEK 
424 (PN824) 
SURGE GEN. /MONITOR 











line while allowing tone ringer powering from 
high level rigging voltages. 


Transient Overvoltage Testing of the ML8204 
Tone Ringer 


The following tests were performed to investigate 
the ability of the ML8204 to withstand transients 
on its power supply rails. All tests were per- 
formed using the circuit shown in Fig. 11 with 
transient voltage pulses of the form shown in 
Fig. 12. After each application of a transient 
pulse, functionality of the device was checked 
by switching $,, So, and S3 to the configuration 
shown in Fig. 11. 


a 


8N. SPEAKER 
1300 








$-8884 












MITEL ANATEK 
TF N52 2Xx50V 
SURGE GENERATOR POWER SUPPLY 


ML8204 390KN 


ko 











The device was tested in two ways by applying 
pulses: 1) directly into the ML8204 power sup- 
ply pins, and 2) to the complete ringer circuit 
TIP and RING inputs. In the first case with S, 
in position “b”’, a series of pulses with magnitudes 
(V) from 30V upwards applied from the TF152 
until the ML8204 falled to operate. This was 
repeated for 10 devices. The unloaded value of V 
at which the devices ceased to operate varied 
from 84 to 88V (Vg). Subsequently a number 
of devices were tested by applying 70V pulses 
to each device. Instability was noted in some 
devices after 100 pulse applications. All devices 
ceased to function after 172 to 203 pulse ap- 
plications. A further set of devices were tested 
with 64V pulses. All devices withstood 300 pulse 
applications without any sign of degradation. In 
the second test, with switches So and S3 in 
position “‘b’” and Sj, in position ‘‘a’’, 800 and 
1500V pulses were repeatedly applied to the TIP 
and RING inputs of the circuit. No degradation 
of the devices’ operation was observed. 


Fig. 12 - Typical transient test waveform 


'¢ 








Fig. 13 - Single tone operating of ML8204/ML8205 
+19 TO+29V 





(A)USE OF f,, OSCILLATOR 






V<800V 
V=1500V ty2160us 





Single Tone Operation of the ML8204/ML8205 


The ML8204/ML8205 can be made to oscillate 
at one or the other of its output tone frequencies 
fyi or fy2. To do so, the tone frequency de- 
termining components are connected to pins 6 
and 7 as normally done. Pin 3 is used as a control 
input. When pin 3 is connected to V,, the output 
(pin 6) will oscillate at the f,4, frequency. Con- 
versely, when pin 3 is at ground, the output 
will oscillate at the fy. frequency. The output 
can thus be switched between f,4, and fy 
externally by applying a control signal to pin 3. 
The low frequency oscillator may also be used 
separately by connecting the frequency de- 
termining components between pins 3 and 4 as 
normally done. The output is taken from pin 4. 
However, this is a fairly high irnpedance output. 


t¢2560us 









S- 8886 





(B)USE OF f, OSCILLATOR 5-8887 











Typical Application Circuits for use with a Piezo- 
electric Transducer 


Feedback from a piezo-electric transducer can 
cause spurious oscillations on the output of a 
ML8204/5 tone ringer. These oscillations corrupt 
the normal two-tone output and change as the 
ringer switches off. 


The oscillations occur because the piezo electric 
transducer resonates at its characteristic fre- 
quency. If the resonant amplitude is sufficient to 
pull pin 8 one bipolar threshold below pin 5 
then the tone ringer may give a short spurious 
pulse. 


This effect can be eliminated by using a bypass 
Capacitor across the transducer as shown in Fig. 
14. The size of this capacitor is obviously depen- 
dent on the piezo-electric transducer used, but 
a value of 0.1uF is usually sufficient. 


It is possible under specific conditions for a 
ML8204/5 tone ringer with a piezo-electric load 
to continue oscillating after the ringing voltage 
stops. 


The ringer can be powered by the smoothing 
capacitor which is across pins 1 and 5 (see Fig. 
14). This causes the device to switch off slowly 
and since the output frequencies shift by about 
a musical semitone before oscillation stops, the 
output can have an unpleasant tail-off. 


To eliminate this, a simple monitor can be used 
which switches the output off when ringing 
stops. Fig. 16 shows a circuit which works with 
an ML8204. When ringing voltage is applied from 
the line, pin 2 is held between 2 and 10V and the 
device functions normally. When ringing stops, 
pin 2 is pulled to ground and the ML8204 
switches off. 


There is no enable on the ML8205 corresponding 
to pin 2 on the ML8204. Fig. 16 shows a circuit 
which does not require the enable pin. The out- 
put is switched through an NPN transistor 
instead. During ringing the base of the transistor 
is forward biased and the load is enabled. When 
ringing stops the transistor switches off and deac- 
tivates the load. 


Fig. 14 - Typical application circuit for use with a piezo-electric transducer 





C6 = O.1UF . 


S~8888 


S = PIEZO-ELECT RIC TRANSDUCER 
OTHER COMPONENTS SAME AS FIGURE 3 
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Fig. 15 - ML8204 circuit to eliminate tail-off 


R6 











ML8204 


S- 8889 


C6 = 0.1uF 
C7 = 4.7uF 
R6 = 51KQ 
R7 = 22KQ2 
S = PIEZO-ELECTRIC TRANSDUCER 
OTHER COMPONEWMTS SAME AS FIG. 3 


Fig. 16 - ML8204/5 circuit to eliminate tail-off 





——. ML8204/5 ae 






S ~ 8890 


C6 = 0.1UF 

C7 = 4.7UF 

R6 = 51KQ 

R7 = 22KQ 

S = PIEZO-ELECTRIC TRANSDUCER 
OTHER COMPONENTS SAME AS FIG. 3 











DTMF GENERATOR 


OPERATES WITH A STANDARD CRYSTAL 
AT 3.58MHz. 


WIDE OPERATING LINE VOLTAGE AND 
CURRENT RANGE 


LEVELS FROM THE HIGH AND LOW FRE- 
QUENCY GROUP CAN BE ADJUSTED 
SEPARATELY 


NO INDIVIDUAL LEVEL ADJUSTMENT IS 
NECESSARY FOR EVERY CIRCUIT 


THE SIGNAL LEVELS ARE STABILIZED 
AGAINST VARIATIONS IN TEMPERATURE 
AND LINE VOLTAGE 


SHORT START-UP TIME. 


ALL TONES CAN BE GENERATED SEPAR- 
ATELY FOR TESTING 


EXTERNAL COMPONENTS ARE MiINI- 
MIZED 


EASY PC BOARD LAYOUT; ALL KEY- 
BOARD CONNECTIONS ON ONE SIDE OF 
THE CHIP 


BLOCK DIAGRAM 


PBD 3535 


9 10 11 12 








@ INTERNAL PROTECTION OF ALL INPUTS 


@ |7L PROCESS ENSURES GOOD PARA- 
METER TOLERANCES 


PBD3535 is a monolithic integrated DTMF 
generator intended for use in a telephone set in 
parallel with an electronic speech circuit. The 
DC characteristic to the line is set by the speech 
circuit. PBD3535 gives a mute signal when 
sending. The circuit fulfils the CEPT specifica- 
tion. Optional signal levels can be set by resistors. 
The circuit operates with a single contact matrix 
keyboard. Interfacing with a computer is also 
possible. 


DIP-16 Plastic 


(0.4) 


ORDERING NUMBER: PBD 3535 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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CONNECTION DIAGRAM 


XTAL OSC. 
ROW LOW 
FREQUENCY 
SIGNAL LEVEL(L) |} 3 INPUTS 


MUTE COLUMNS HIGH 

FREQUENCY 
LINE (GND) INPUTS 
LINE (+) 
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ABSOLUTE MAXIMUM RATINGS (Maximum ratings over operating free-air temperature range 


(unless otherwise stated) 


Vi Max continuous line voltage 15 V 
Vie Peak line voltage pulse time = 2s 20 V 

pulse time = 20 ms 22 ov 
Tj Junction temperature 150 sf 
eer Operating ambient temperature © -20 to 70 5 
Tstg Storage temperature -55 to 150 C 





RECOMMENDED OPERATING CONDITIONS 


Tab Ambient temperature -20 oo +70 


THERMAL DATA 







Rthj-amb Thermal resistance junction-ambient max 80 °C/W 


Fig. 1 - Min DC level at 1.3V AC signal 
Voc 
(Vv) 
4.3V 


REAL LIMIT 3v 
2.45V 
S- 8515 
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ELECTRICAL CHARACTERISTICS (Electrical characteristics over recommended operating 


conditions) 

ae oe 
‘ocd 
mate 

mi 

hank 

250 Iv} 
hens Fe 
a el 

M 











ae 
Line voltage Tone generation DC level 
at 1.3 Vp AC signal 
DC voltage below At tone generation 
AC voltage 
At, tone generation 
-5°C +45°C 
Ve Line voltage Stand-by DC level at 
2.0 Vp, AC signal 
Line current Stand-by: no key pressed 
VL =4.3V 
Line current reed current 
Vi =43 
ar | 








A 






Iu Mute current One or more keys pressed 


Key circuit closed 
Key open 
(16 contacts) 






A 
A 
Q 
Q 
+1 % 
+1 % 
+1 % 
+1 % 
+1 % 
+1 % 
+1 % 
+1 % 

-7 dBm 

-9 dBm 

~4 


dBm 


Rk Key resistance 








Frequency Low fosc = 3.5795MHz 
fy = 697Hz 
fo = 770Hz 
f3 = 852Hz 


f4 = 941Hz 
fs = 1209Hz 
fg = 1336Hz 


fz = 1477Hz 
fg = 1633Hz 


Vu Signal Level High Ry = 47.5K2 
Vi Signal Level Low R= 69.8KQ 
ok, = 
7 Radio signal level 
High Freq./Low Freq. 


Impedance to line At tone generation 


Total harmonic Normal operation 
distortion Stand-by 












Frequency High 

















-6 dBm 
-2 dBm 
-4 dBm 
3 





[x 
-31 dBm 
-80 dBm 




















Harmonics * 300-3400Hz -33 dBm 
3.4-50KHz -33/-80 dBm 
> 50KHz 









ts Start-up time Output level within 3 
1dB from final level 


* Single tone distortion is less than (-33 -12 x log en aes dBm 
3400 





59 1 














TEST CIRCUIT 





R1 330 
ee 
a 5 3.58 MHz Bpeeeen 
ae | 
ay, Ivy 
C2 0p 
4INF 
MUTE > 100uF 
C1 69.8 67.5 
| : i 3.3nF KN Ka 
5-8516 
9 = 1633 Hz 13 = 941Hz 
10 = 1477Hz 14= 852Hz 
11 = 1336Hz 15= 770Hz 
12 = 1209Hz 16 = 697Hz 
XTAL = 3.5795MHz 


FUNCTIONAL DESCRIPTION 


Two tones are generated by connecting one input 
from the high-frequency group and one input 
from the low-frequency group. 


If two or more keys are pressed, no tones other 
than the basic eight are generated. 


All tones can be generated separately. When 
testing a circuit by connecting one input from 
the high-frequency group to one input in the 
low-frequency group plus shorting pin 3 or pin 4 
to the ground pin 7, one single tone is generated 
(low and high frequency, respectively). 


The absolute signal level can be adjusted with 
R, and R,,, but there is no need for individual 
adjustment on every circuit. The signal level is 
stabilized against variations in temperature and 
line current. 


Pause time and signal time are determined ex- 
ternally from the keyboard. 


Allowed leakage in keyboard 1MQ2. 
Typical threshold is 100K. 


The circuit is made to work properly with elec- 
tronic speech circuits such as PBL 3726. 


Component function: 


R : Protecting resistor; 

Ri: Signal level (low); 

Ry: Signal level (high); 

Ci: Low pass filter; 

C,: Radio frequency suppression (if used 


together with speech circuit with radio 
suppression built in, like PBL 3726, Cy 
is not necessary. 


Fig. 2- DC characteristics with speech circuit 
PBL3726/6 


Vu 
(Vv) 
15 
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To find suitable resistor values for Ry, and Ry. 
to get the desired tone levels the following for- 
mula can be used for a preliminary calculation. 
Please note that in Rypoa~ap (f = 1.4KHz) and 
Rioap (f = 800Hz) both the impedance of 
the line and the impedance of the speech circuit 
are included. V_, and V,_ are the desired high and 


Fig. 3 - Tone level vs. line current 







a pel CUMMING tN eae, 







20 


Fig. 4- Tone level vs. temperature 











HIGH LEVEL 





low frequency levels, in dBm. 


Ry = 56.2x Rigap (f = 1.4KHz) x 107 


R,. = 65.6 x 


ae aon 
cs CRE OMN Fellbelida 
ied 





FP ee ee 


100 120 


ar HIGH LEVEL 
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140 I, (mA ) 
$-8518 
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The current consumption within PBD 3535 can 
be reduced with a resistor connected in parallel 
with C1 (see fig. 5). If the current reduction is 
made too large, the output signal can be dis- 
torted by clipping. 


In applications where a DTMF generator directly 
powered from the telephone line is wanted (the 
generator is not working in parallel with any 
kind of speech network), PBD 3535 can be used 
with a DC regulator as described in fig. 7. 
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~9dBm+2dB 






-9dBm +2dB 


+60 T(*C) 


S- 8519 


0.3t03 MN 


Rioap (f = 800Hz) Xx 10 






ee re 


$- 8520 


20 
V 
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Fig.6 - Typical application Fig. 8 - DC series regulator 











Ae —_O+LINE 
a a ~ 
PBD 3535 eiaaae 
22uF 
BRIDGE ANDO 
OVER VOLTAGE 
PROTECTION —O-LINE 





REGULATOR 





$-8523 


$-6521 


nected to the positive voltage and one input of 


These schematics give a DC regulator for the the high group (pins 9-12) is connected to the 
range 16-100mA with an output impedance negative voltage. When an input of the high 
that is a compromise between 600Q and 900Q in group (pins 9-12) is connected to the negative 
parallel with 30nF. The zener diode is used to voltage, PBD is activated and the mute output 
ensure a fast start-up time. is put in high state. 

Fig. 7 - DC regulator Fig. 9 - Microcomputer interface 


O +LINE 


© +LINE 





PBD 3535 






P 
MICROCOMPUTER PBD 3535 


PROCESSOR 


O - LINE 


DC-REGULATOR $-8522 





For telephone systems with voltage supply 
instead of current supply) for the telephone line 
and where the telephone set is supposed to work 
as a current source, PBD 3535 can be connected 


“LINE 
S~8524 


with a series regulator as shown in fig. 8. Rg, Ryo, Rai and Ry» 

These schematics are working in the area 5-36V The resistors have two functions: 

a output impedance is matched against — When at low input level, ensure that the 
input does not get below +0.2V. This must 

PBD 3535 can also be controlled by a micro- nOverents 

processor (see fig. 8). The negative branch of — When the input level is high, limit the current. 

the microprocessor voltage supply is connect- Too high current will interfere with the func- 

ed to pin 7 of PBD 3535 and the inputs (8) are tions of the other three inputs (the resistors 

connected with resistors. For tone-generating can be exchanged with diodes directly away 

one input of the low group (pins 13-16) is con- from PBD 3535). 
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Fig. 10 - High-frequency group resistors to microcomputer 


R9-RI12 i: 
o—t_}——9 
MICRO - 
PROCESSOR |---kt-- 


Example: The logic states very from OV to +3V. 
Suitable resistor value is 68K Q (see fig. 11). 

Riz, Rig, Ris and Rig 

The two functions of the resistors are: 

— To raise the OFF/ON Voltage 


— To limit the current when the input levels 
are high 


TO OTHER INPUTS (3) 






PBD3535 





Example: The logic states vary from OV to +3V. 
Suitable resistor value is 27KQ (see fig. 11). 


In some telephone instrument designs a click 
can be heard in the receiver when a button is 
pressed down for tone signalling. In some app- 
lications this has been found desirable as a 
feedback but in others the effect is not so 
desirable. 


Fig. 11 -Low-frequency group resistors to microcomputer 


MICRO - 
PROCESSOR 





13 
14 
ONE OF 15 
16 


R13-R16 





To suppress the click effect an RC network as 
seen in fig. 12 can be applied. A capacitor of 
47nF halves the loudness of the click and a ca- 
pacitor of 1.7uF totally cancels the click effect 
(see fig. 13). 


The LS588 speech circuit if specifically develo- 
ped by SGS for use with the PBD3535 DTMF 
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PBD 3535 


1KN 








Besides full and independent 


tone generator. 
programmability of both sending and receiving 
gains when muted the speech circuit reduces its 
consumption by about 10mA (available to the 
DTMEF circuit), still providing the proper DC and 
AC (6000hm) impedance to the line. 











The external capacitor at pin 16 of LS588 has 
been reduced from the standard 10uUF, usually 
shown in the SGS application, down to 4.74.F 


to optimize the DTMF start up without affecting 
the normal speech operation. (see fig. 14). 


Fig. 12 - Click suppression Fig. 13 - Click effect in relative sound pressure 


“CLICK EFFECT 

FROM 3.3KA 

PBD 3535 TO (48) 

(PIN 8) PBL 3726 

SKA. 
ns eee 
(-) (-) 
$-8527 


b.7nF 4.7 pF (C) 


$- 8528 


PBD3535 








596 
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MASK-PROGRAMMABLE SPEE 


Key Options 


@ MICROPHONE TYPES SUCH AS ELEC- 
TRODYNAMIC/MAGNETIC, ELECTRET 
OR CERAMIC 


@ POWER SUPPLY FOR EXTERNAL CIR- 
CUITRY 


@® AGC CIRCUIT 


@® LINE REGULATION OF TRANSMIT/RE- 
CEIVE GAIN FOR CERTAIN TELEPHONE 
STATION POWER SUPPLIES 


@ EXTRA POWER SUPPLY INPUTS FOR 
OUTPUT AMPLIFIER TO BE USED IN 
HANDS-FREE TELEPHONES 


@ SPECIAL IMPEDANCE/GAIN REQUIRE- 
MENTS 


@® MUTE OR TRANSMIT/RECEIVE AMPLI- 
FIERS WITH OR WITHOUT CONFIRMA- 
TION TONE 


@ ACOUSTIC SHOCK ARRESTORS 
@ SIDETONE CANCELLATION CIRCUITRY 


Pin Options 
@® MUTE/NO MUTE FUNCTION 


@ REGULATION OF SIDETONE WITH LINE 
LENGTH 


@ CUT OFF OF ALL LINE REGULATION 
Fig. 1 - Block diagram and typical application 


+O 





©) 


LINE 


pro--cmn te cs 


Mt a nnn fe 


poleam n-ne eee e 


External RC-networks 
‘o) Line impedance and radio interference suppression 
@) Transmitting amplifier, gain set and frequency adjustment 
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PRELIMINARY DATA 


CH CIRCUITS 


External Components (step by step) 


DC CHARACTERISTICS 
IMPEDANCE 

TRANSMIT GAIN 

TRANSMIT LINEARITY 
RECEIVE GAIN 

RECEIVE LINEARITY 
SIDETONE 

LOW VOLTAGE OPERATION 


PBL 3726 is a family of mask-programmable 
speech circuits intended for various telephone 
applications. The flexibility of these circuits 
allows use of versions of PBL 3726 in all telecom 
markets, whether it be in an ordinary telephone, 
a hands-free multi-function phone or even as a 
trunk interface. The versatility is based on three 
levels: 


— Mask options for special requirements 

— Pin options on certain functions 

— Step-by-step design possibility on the basic 
telephone functions making it possible to 
cut down design time to a minimum. This is 
done by changing the values of a small num- 
ber of external components. 


fea 








ee 


$-8530/1 


@) Receiver amplifier, gain set and frequency adjustment 
G) Side tone adjustment 
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ABSOLUTE MAXIMUM RATINGS 


Maximum ratings over operating free-air temperature range (unless otherwise stated) 





Voc Line voltage, tp = 2s 

loc Continuous operating line current (*) 
T; Junction temperature 

Tamb Operating ambient temperature 
Storage temperature 







22 V 


100 mA 

+150 °C 
-40to+70 °C 
-55 to +150 6 






(*) Max current increases linearly up to 130 mA with max operating temperature lowered to +55°C 


For recommended operating conditions see specific data sheets for different versions of PBL 3726 


FUNCTIONAL DESCRIPTION 


The gains of the transmitting and receiving am- 
plifiers are continuously and equally changed 
with the line length. The gain regulation can be 
cut off externally, and the gain will then be the 
maximum gain normally used at long lines. 


The outputs of the transmitting and receiving 
amplifiers have internal limitations as to the 
output amplitudes. 


The circuit includes a temperature independent 
voltage reference used for regulating the DC 
line current and for regulating the transmitting 
and receiving gain. The DC voltage quickly 
settles to its final value with a minimum of 
overshoot. 


The circuit needs few external components. Ina 
normal practical case there are only 5: external 
capacitors, one of which is an electrolytic/ 
tantalum filter capacitor. The other capacitors 
are needed for radio interference suppression, 
to function in the sidetone balancing network, 
and to provide low frequency cut-off in each 
of the transmitting and receiving amplifiers. 


The circuit has an excellent return loss charac- 
teristic against both purely resistive lines such 
as 60092 and against complex networks such as 
90022 in parallel with 30nF. 


The microphone input is balanced to provide a 
good CMRR. 


It is possible to add a push-button controlled 
cut-off of the transmitting amplifier of the 
circuit without disturbing any of the other 
circuit functions. 


A mute input is included to: 
1) Cut off the transmitting amplifier (F,) 
2) Reduce gain in the receiving amplifier 


3) Reduce current consumption to lower power 
loss 


The DC regulation works independently of the 
mute function and is not influenced by the mute 
signal. External mute-control of the circuit from 
a DTMF generator such as PBD3535 is then 
possible. 


The receiver amplifier is equipped with a high 
impedance input stage, allowing a less expensive 
RC network on the input. 


Only resistive elements are used to set the re- 
ceiving gain. 


A push-pull power stage in the receiving am- 
plifier provides a high output swing. 


The sidetone balance can be set. by an RC net- 
work without influencing other parameters. An 
inexpensive solution requires only One Capacitor 
whereas more capacitors may provide better 
performance. The sidetone can be regulated 
with respect to line length. 








FUNCTIONAL DESCRIPTION (continued) 


A separate amplifier stage (F3) can be used in 3) Providing an extra 20dB gain for volume 
several different ways, for instance. control of the receiving amplifier, etc. 
1) Separating the sidetone balance network This amplifier has many uses. In the following 
2) Compensating sidetone level for line length part only two esamples of its use are given. 
Fig. 2 
LINE {| | 
+O 





O 
TRANSMITTING 
CUT-OFF 


MUTE $- 8531 


A, B, C and D are RC links with the following functions: 


A: To set the gain and frequency response for C: To set the gain and frequency response for 
transmitting receiving 

B: To set the sidetone level (regulation with D: For radio interference suppression and to give 
line length is possible) the correct return loss behaviour 

Fig. 3 


LINE 
+© 


ails rs a = 





|| on on al 
LINE 
-O 5 - 85321 
In this case an extra 20dB amplification is added vides the possibility of adjusting the gain to the 
to the receiving part. A potentiometer pro- required level. 











BASIC EXTERNAL COMPONENTS 


R1, R2 


These resistors set the starting point for the gain 
and sidetone regulation. 


Input impedance on the regulator is about 52KQ 
+ 2%. Only universal versions of PBL 3726 like 
PBL 3726/6, 3726/9 etc. are equipped with 
this option. In the data sheets for these versions 
there is a table showing the R1, R2 values for 
different. central office power supplies. The regu- 
lation can also be cut off by leaving R1 open 
and shorting R2 to -LINE voltage. 


For other PBL 3726 versions the regulation is 
set internally for a specific power supply type. 


C1, C2, R3 


C1 in series with R3 and these in parallel with C2 
determine the impedance to the line from the set. 


Fig.4- The PBL3726 and external RC networks 








LINE 








PBL3726 





C2 is normally inserted for radio interference 
suppression. 


The network is optimized with regard to the 
return loss. 


The R3, C1 combination forms a low-pass filter 
in the DC-feedback loop of the transmitting 
amplifier. If the R3 C1 time constant is too low 
there may be distortion at low frequencies. 


If R3 is changed this will change the DC charac- 
teristics too which is set by the voltage at Vpp. 
The input current at Vpp is about 1mA. 


R4, R5, C3, C4 


The network gives the amplification and fre- 
quency response for the. transmitter. R5 is used 
when a greater reduction of the gain is wanted. 
Input impedance at Fz is about 17KQ2 with 
typical variation + 20%. The DC load on F, must 
be greater than 40KQ. 


R13 
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BASIC EXTERNAL COMPONENTS (continued) 


Fig. 5 - Typical filters 


Fy Fo 


Fy Fo 
Ra 
Ca 
Re Re 
Ce 
Fy Fo 
i i C 


Fy Fo 
ee 
Ra - 
Cg 
Rp 
R6 


Sets the DC Characteristics and dissipates some 
of the supplied power. The resistor also affects, 
the transmitter gain, the output amplitude from 
the transmitter, the gain regulation and the 
sidetone. Common values are 6822 to 822. 


601 





Fy F2 
Ra 
Ca 
R 
Cp 
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Fig.6 - Typical DC characteristics 


WITH PBD 3535 | 
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BASIC EXTERNAL COMPONENTS (continued) 


R7, R8, RY, R10, R11, C5 


This network sets the sidetone balance. The 
network in the application is one of many pos- 
sibilities. R10 and R11 together balance the sig- 
gnals that exit two different ways from the trans- 
mitter output stage, one from pin 1 and the ot- 
her from pin 2. The balance network consists of 
R8, RO and C5. 


Examples given in the data sheets for different 
versions of PBL 3726 are not optimized to any 
specified line; they are given only to show the 
principle. 


Amplifier F3 has a high input impedance. 
Shown in Fig. 7 are some different sidetone net- 
works. 


Fig. 7 - Sidetone networks 


TYPE ‘UNREGULATED 





TYPE: REGULATED 











$- 8535/1 


Construction of a sidetone network with regu- 
lation according to the above can be done as 
follows: 


The balance impedance A is optimized at a short 
line where the regulation starts. The balance 
impedance B is optimized at a long line where 
the regulation stops. The circuit generates a 
continuous change between the two balance 
impedances. Rx insures that no DC voltage shall 
be between F3’s double positive inputs at the 
change. 


By breaking up between the negative input and 
output of F3 it can be used as an amplifier with 
amplification greater than unit. In Fig. 8 two 















af aces ae | 


BASIC EXTERNAL COMPONENTS (continued) 


balance networks without F3 are shown. F3 
can then be used in other applications. 


In Fig. 9 a circuit is shown, where F3 is used as 
an amplifier with an extra 20 dB gain at receiv- 
ing and with a volume control. 


R12, R13, C6 (R10, R11) 


The network gives the gain and frequency re- 
sponse for the receiver. 


R13 is used when a greater reduction of the gain 
is wanted. Input impedance Fy, is about 35KQ 
with typical variation + 20%. For different 
possibilities for the design of the network, see 
the network for the transmitter (R4, R5, C3) 
in Fig. 5. 


R14 


Generates the output impedance to the magnetic 
earphone. 


lf a dynamic earphone is used it should be plac- 
ed between outer connections. The middle con- 
nection is then not used. 


This will give about a double output (for the 
same output current 


Rectifier 


Rectifier bridge and over-voltage protector. The 
zener voltage at Fig. 10 should be as low as pos- 
sible. Common values are between 12V and 16V. 


Fig.9- 20dB extra amplifier (cannot be used 
in all version) 
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Fig. 8 - Sidetone networks without F3 
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Tos cen 


Fig. 10 - Rectifier bridge and overvoltage pro- 


tection 
La 
+LINE 
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DESIGN RULES 


The following order should always be used when 
designing telephone parameters. 


1) The circuit impedance to the line 

2) DC characteristics 

3) Gain regulation 

4) Transmitter gain and frequency response 
5) Receiver gain and frequency response 

6) Sidetone 


Components usually have to be added to sur- 
press radio interference, especially from the 
wires up to the handset. 


(The circuit can be placed either in the telephone 
or in the handset.) 
impedance 


This is determined with the components C1, 
C2, and R3 in most cases. In Fig. 11 a few ex- 
amples of this are shown. If a more complex 


Fig. 11 -Typical return loss against 600{2 


NETWORK 
R3 


LINE 


C1 


$-8539/] 
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0 500 1000 1500 2000 2500 3000 3500 f(Hz) 


impedance is desired as in the example for Brit- 
ish Telecom (Fig. 12), this can also be achieved 
by copying the mathematical model of the desi- 
red impedance. 


Examples of line impedance matching: 


impedance 


60022 47uF 15nF 


9002, 30nF 47uF | 15nF 
1.2KQ,60nF 47uF | 47nF 





Fig. 12 -Example of complex impedance mat- 
ching 
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0.1 uF 
6200 LINE 
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aes ee 
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DC Characteristics 


The slope of the DC characteristics is set by 
the resistor R6 (Fig. 13). The lower value of *R6, 
the flatter the slope. With the steaper slope the 


Fig. 13 - Typical DC characteristics 
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DESIGN RULES (continued) 


minimum DC voltage also will go down. It is not 
recommended, though, to set the PBL 3726 to 
DC voltages below 2.5V. If in some circum- 
stances the DC characteristics of PBL 3726 is 
too low, they can be raised by inserting an ex- 
tra diode in series with the rectifier bridge as 
in Fig. 14. 


Gain regulation 


When regulation with line length is used on send 
and receive gain, this can be set with the resistors 
R1 and R2. Note that not all versions are equip- 
ped with this function. By changing the values 
of these, the regulation attack can be set to fit 
any particular need. 


Fig. 14 - Rectifier bridge with extra diode 





S- 854) 


A table in the data sheets shows what values to 
use for some standard power supply systems. 
See example in Fig. 15. 


Fig. 15 -Examples of line-regulating setting 


5OV, 2 x 20022 
5OV, 2 x 40002 
50OV, 2 x 80022 


Unregulated (all lines) 





Regulation input (pin 6 or PBL 3726/6) 


605 





Fig. 16 -Typical gain regulation with line length 
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Transmitter gain 


The resistor R4 sets the gain by attenuating the 
signal from amplifier F,. If greater attenuation 
is needed a resistor (R5) can be connected to 
the minus line. 


To get a frequency response appropriate for the 
microphone used a filter function as in Fig. 5 can 
be used. These filters were previously described 
in this document. 


The circuit can be provided with an unbalanced 
input as in Fig. 18. 


Cut off of the transmitter can be done at Fy 
without interfering other functions of the circuit 
as in Fig. 19. 


Also signals other than DTMEF signals can be 
added at input of Fo. 








DESIGN RULES (continued) 


Fig. 17 - Typical response of PBL 3726 using Receiver gain | 


simple filter ; 
imple filte In order to get the correct gain on the receive 


side, resistors R10 ~- R13 are used. Remember 
that R10 and R11 also set the rough ratio of the 
sidetone. R13 is used only in extreme circum- 


Fig. 18 -Unbalanced input 
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For the version originally developed for electro- 
dynamic/magnetic microphones it is also pos- 
sible to use electret microphones as shown in 
Fig. 20. S-B544 





Fig. 20 -Alternative microphones of electromagnetic and electrodynamic types for PBL 3726 
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a.Electret without source- b. Electret with source- c. Electret with source- = 5- 8545/1 
follower follower 3- lead. follower 2- lead. 
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DESIGN RULES (continued) 


stances, where a very high receive gain atten- 
uation is needed. The frequency response can be 
altered with the same filters used for the send 
gain (see Fig. 5). To get protection against 
acoustic shock the diodes provided on some 
versions after the output of F4 can be used. 


One or two diode pairs can be used. Should 
this not be enough a resistor can be connected 
after the diodes (in series). This should be done 
before the setting of the receive gain. 


Fig. 21 -Typical receive gain 





$- 8546/1 











Sidetone 


STMR = 


i=1 
The most difficult part of the design work is al- 
ways to define the sidetone. This should always 
be done last when designing with PBL 3726. The 
sidetone is the sound of your own voice fed back 
into the ear by the handset. 


The subjective effect of this is best seen in the 
formula above for “Side Tone Masking Rating”. 


py * 1a { 14 «a Wer + Le -Ss + Sn + Am) } 
5 10 
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Summed at the frequencies f; = 0.2, 


C265 take’ 4KHz (see Fig. 22) 
Wst = Weighing factor 

L_ = Leakage at receiver capsule 
Ss = Send sensitivity 

SR = Receive sensitivity 

Arst = Hybrid-loss balance 


The part that can be alteren by the speech cir- 
cuit is the A, value that can be determined 
by the formula: 


2 Zo +Zso Z+Ze> 
Art = 20 19's fete aes 
where: 
Z = Impedance of the connected telephone 
line 
Zso = The balance impedance of the central 
office (PAB X) 
Zc = Impedance of the speech circuit 


The sum of Z and Zso can be called Zyjne 


The principle of the traditional so called active 
speech circuit has been the wheatstone bridge 
(Fig. 23). The formula for the minimum side- 
tone is to balance until: 
£20 — Spa 
Zi Zine 


Fig. 22 -CCITT factors 











DESIGN ROULES (continued) 


The principle of PBL 3726 is more complicated 
(even if calculation with the bridge in Fig. 23 is 
possible). With the all-active bridge a method of 
cancelling the sidetone is a summing amplifier 
makes it possible to get not only one but two 
different sidetone optimums for different line 
lengths (see Fig. 25). The function of the exter- 
nal components in Fig. 7 have previously been 
described in this document. Fig. 26 shows an 
example of a sidetone network using the Wheat- 
stone principle with PBL 3726. 


Fig. 24 - Unregulated sidetone network 


Fig. 23 - Balance bridge 





S-8547/1 





LEVEL 


ee 


S-8550 


LINE LENGTH 


S-8548/1 


5 -8552 
LEVEL 
1008 
| 
THE SIDETONE SENSITIVITY 
8 SHALL BE LESS THAN THE VALUE 


th 
Yj Yj meter cawene 
YU 


7 SSSACCCLAASCSLLALS ALS 
PIOLAPALPDAL ELIS PALAGRP OES A 
SIS SOSSOLSSSAL TS pee LO 


ASCLSSSS 
AACS LS STS, 
ACOLSLS 


| 
1 
| 





0.6 0.9 12K 





608 








DESIGNE RULES (continued) 
Fig. 25 - Regulated sidetone network 
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DESIGNE RULES (continued) 


Fig. 26 - Wheatstone type sidetone network 


PBL 3726 


PRODUCT SUMMARY 


Speech 
circuit 


PBL 3726/6 


PBL 3726/8 


PBL 3726/9 


PBL 3726/11 


PBL 3726/12 


Electro | Electro 
magnetic | dynamic 


Adjustable 
36V,2 x 5002 
50V,2 x 80002 
Adjustable 
Adjustable 
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S-8554/1 
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APPLICATIONS 


To use PBL 3726 in a hands-free telephone with 
a monitor function the schematics in Fig. 27 can 
be used. The transformer should be rather ef- 
ficient. Ordinary. transistors can be used. 


PBL 3726 can also be used as trunk interface 
in modems, PABX, key systems etc where an 


Fig. 27 - Monitor loudspeaker 
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Fig. 28 - Trunk interface applications 
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analog interface against the telephone line is 
needed. The balanced inputs and outputs make 
this possible together with the possibility of 
regulated sidetone. Examples of both one-way 
and two-way data/signal communication with 
PBL 3726/6 are shown in Fig. 28. 
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SPEECH CIRCUIT 


@ MINIMUM NUMBER OF_ INEXPENSIVE 
EXTERNAL COMPONENTS, 5 CAPACI- 
TORS AND 10 RESISTORS 


@ MUTE FUNCTION FOR PARALLEL OPE- 
RATING WITH DTMF GENERATOR OR 
DECADING IMPULSING 


@ LOW VOLTAGE OPERATING, DOWN TO 
3.3V | 


@ VERY SHORT START-UP TIME 


PBL 3726/6 is standard version of the PBL 
3726 family of the mask-programmable, mono- 
lithic integrated speech circuits for use with a 
low impedance microphone. Sending and receiv- 
ing gain is regulated with line length. Different 
ranges of amplifier regulation for various current 
feeds can be obtained with external resistor or 


TEST CIRCUIT 





Some typical values for R1 and R2 for some dif- 
ferent supplies from telephone stations are 
shown in the next table. 





totally cut off. Typical current feeds as 48V 
2 x 2002 2 x 400Q and 36V 2 x 2502 can 
be handled. 


Application-dependent parameters as line bal- 
ance, sidetone level and frequency response are 
set by external components. Parameters are set 
independently which means easy adaptation for 
various market needs. An extra 20dB amplifier 
can be used for various purposes such as extra 
receiving gain with volume control or active 
sidetone balance. 


DIP-18 Plastic 


(0.4) 


+ LINE 


OUTPUT 
@ 


| 310.0 





ISnF 





No regulation, 
all feeding systems 
48V, 2 x 2002 









ABSOLUTE MAXIMUM RATINGS Maximum ratings over operating free-air temperature range 


(unless otherwise stated) 


Voc Line voltage, tp = 2s 

loc (*) Continuous operating line current 
Tj Junction temperature 

Tamb Operating ambient temperature 

T stg Storage temperature 







22 V 
100 mA 

150 °C 

-40 to +70 =C 
-55 to +150 C 





(*) Max current increases linearly up to 130mA with max operating temperature lowered to +55°C 


RECOMMENDED OPERATING CONDITIONS 














Symbol Parameter 











CONNECTION DIAGRAM Test set-up 
+LiN€é Rigi 
OC _INPED R=O0to 4Kn MICROPHONE 
NPEDANCE L=O0to 
MATCHING OUTPUT (2 2) 
GAIN SET @ ‘ 
RECEIVING 
+OC SUPPLY NP OT es 
CIRCUIT 
MUTE - LINE (GNO) 
LINE AGC 
MICROPHONE 
INPUT 
O 
circuit GAIN SET EARPHONE 
SIDETONE (a) Fr WHEN LINE IS USEQ are 
TON Z 
CIRCUIT (2%) Ry=O WHEN LINE 1S USEO 
S-8586 
THERMAL DATA 
. . . . Oo 
Rin j-amb Thermal resistance junction-ambient max 80 C/W 
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ELECTRICAL CHARACTERISTICS (Electrical characteristics over recommended operating 


conditions) 


Parameter Test Conditions 


Voc 


Gr 


REGy 


Lin-+ 


Gr 


REGR 


Linr 
ZIN 


VT 


VT 


ZouT 


VR 


Nr 
Nr 
Iv 
Ibe 


* 


%* 


Terminal voltage 


Transmitting gain * 


Transmitting range 
of regulation 


Transmitting 
frequency response 


Receiving gain * 


Receiving range of 
regulation 


Receiving frequency 
response 


Transmitter input 
impedance 


Transmitter dynamic 
output 


Transmitter max 
output 


Receiver output 
impedance 


Receiver dynamic 
output ** 


Receiver max output 


Transmitter output 
noise 


‘Receiver output 
noise 


Mute input current 


Extra available current 


when muted at the 
same DC-voltage 


m2 ) 1KHz 
3 E=E+10% 
Ri. = 9002 -2.2Ka 


Ry. =02 E=E+10% 


to R,_ = 9002 


200Hz to 3.4KHz 


20+ logig (——+) 1KHz 


R, =02 Vl B= E+10% 
R, = 4002 

R, = 9002 -2.2KQ 
1KHz 

R, =02 

to R_ = 9002 


E=~E+10% 


200Hz to 3.4KHz 


200Hz -3.4KHz 
< 2% distortion 
Ipc = 20-100mA 


200Hz -3.4KHz 
Ipc =0-100mA 
V3 =0-1V 


200Hz -3.4KHz 
< 2% distortion 
Ipc = 20-100mA 


Measured with line 
rectifier 

200Hz -3.4KHz 
Ipc =0-100mMA 
Vi =0-50V 


Poof -weighted, REL 1V 
RO 


A-weighted, REL 1V, with 
cable 0-5 Km ¢0.5 mm; 
0-3 Km ¢0.4 mm 


lbc = 15-100mA 


Adjustable to both higher and lower values with external components 
The dynamic output can be doubled. See application notes at R14 
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Fig. 1 - Typical application with DTMF generator PBD 3535 
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SPEECH CIRCUIT 


® MINIMUM NUMBER OF_ INEXPENSIVE 
EXTERNAL COMPONENTS, 6 CAPACI- 
TORS AND 10 RESISTORS 


@ MUTE FUNCTION FOR PARALLEL OPE- 
RATION WITH DTMF GENERATOR OR 
DECADING IMPULSING 


@ LOW VOLTAGE OPERATION, DOWN TO 
3.3V 


@ VERY SHORT START-UP TIME 


@® CURRENT-SOURCE GENERATOR FOR 
ACTIVE MICROPHONES 


PBL 3726/8 is a standard version of the PBL 
3726 family of the mask-programmable, mono- 
lithic integrated speech circuits for use in elec- 
tronic telephones. It is designed for use with a 
low impedance microphone. Sending and re- 
ceiving gain is regulated with the line length. 
Different ranges of amplifier regulation for 


TEST CIRCUIT 
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various current feeds can be obtained by mask 
programming. Typical current feeds such as 48V 
2 x 80022, and 36V 2 x 5002 can be handled. 


Application-dependent parameters are line bal- 
ance, sidetone level and frequency response are 
set by external components. Parameters are set 
independently which means easy adaptation for 
various market needs. An extra 20dB amplifier 
can be used for various purposes such as extra 
receiving gain with volume control or active 
sidetone balance. 


DIP-16 Plastic 


(0.4) 


350 


S$- 8594/5 





ABSOLUTE MAXIMUM RATINGS Maximum ratings over operating free-air temperature range 


(unless otherwise stated) 


Voc Line voltage, tp = 2s 22 V 
loc Continuous operating line current 100 mA 
Tj Junction temperature 150 =C 
Tamb Operating ambient temperature -40 to +70 “€ 
T 6 Storage temperature -55 to 150 "eC 





RECOMMENDED OPERATING CONDITIONS 


Parameter 


Line current 
Ambient temperature 





CONNECTION DIAGRAM Test set-up 


R teed 






+ 
LINE MiCROPHONE 







zi 
200 +2000 


OC INPEDANCE 2 
MATCHING OUTPUT | |Z 
GAIN SET (~) Ny 
RECEIVIG 
+0C SUPPLY TEST 
INET CIRCUIT 
MUTE - LINE (GNO) 
Ze 
MICROPHONE 
SIDETONE INPUT 
CIRCUIT PARPAIONE 
GAIN SET 


(ae) uF WHEN LINE IS USEO S-a78iN 
(#8) RyzO WHEN LINE IS USEO 





THERMAL DATA 





Rin j-amb Thermal resistance junction-ambient max 80 °C/W 
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ELECTRICAL CHARACTERISTICS (Electrical characteristics over recommended operating 


a 











Parameter Test Conditions | Min, | Max. | unit | 
Terminal voltage =10mA 3.0 3.5 4.0 V 
ieee 60mA 5 V 


























Transmitting gain * 20 + logig ( 2) 1KHz 
V 
R, =0 3 E=E+10% 
R,_ = 4002 
Ry, = 9002 -2.2K2 









REG+ _ Transmitting range 1KHz 


of regulation 
























Gp Receiving gain * 













REGR_ Receiving range of 


regulation 


























R,_ =02, E=E+10% 
to RE = 9002 
Lin-+ Transmitting 200Hz to 3.4KHz 
frequency response 
V 
RL =02 1 E=E+10% 
1KHz 
Ry = 0 E=E+10% 
Ling Receiving frequency 200Hz to 3.4K Hz -1 
response 
Transmitter input 1KHz 
impedance 
Transmitter dynamic 200Hz -3.4Hz 
loc = 11.25 -50mA 
200Hz -3.4KHz 
Ipc =0-50mA 


to Ry = 9002 
output < 2% distortion 
V3=0-1V 









Vr Transmitter max 


output 










Zout Receiver output 
impedance 
















VR 200Hz -3.4KHz 
< 3% distortion 


Ipc a 11.25 -50mA 
Measured with line rectifier 
200Hz - 3.4K Hz 
Ipc = 0-50mMA 
. = 0- ey 


Receiver dynamic 
output ** 
























Receiver output 
noise 


See REL 1V, with 
cable 0-5 Km ¢@ 0.5 mm: 
0-3 Km ¢0.4 mm 




















Vpcm Minimum DC-line loc = 2.5mA 
voltage when. muted Im =0.1mA 









Supply current for Ipc = 11.25-50mMA 
microphone amplifier 
DC voltage for ice = 11.25 -50mA 
microphone amplilifier 


* — Adjustable to both higher and lower values with external components 
The dynamic output can be doubled. See application notes at R14 





xe 
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Fig. 1 - Typical application with DTMF generator PBD 3535 
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SPEECH CIRCUIT 


@ MINIMUM NUMBER OF_ INEXPENSIVE 
EXTERNAL COMPONENTS, 6 CAPACI- 
TORS AND 10 RESISTORS 


@ MUTE FUNCTION FOR PARALLEL OPE- 
RATION WITH DTMF GENERATOR OR 
DECADING IMPULSING 


@ LOW VOLTAGE OPERATION, DOWN TO 
3.3V 


@ VERY SHORT START-UP TIME 


@ INTERNAL CURRENT-SOURCE GENERA- 
TOR FOR BUFFER AMPLIFIER OR A 
SIMILAR DEVICE 


PBL 3726/9 is a standard version of the PBL 
3726 family of the mask-programmable, mono- 
lithic integrated speech circuit for use in elec- 
tronic telephones. It is designed for use with 
electret microphone with a buffer amplifier. 
Sending and receiving gain is regulated with 


TEST CIRCUIT 





K 
fl een 12K0 








line length. Different ranges of amplifier regula- 
tion for various current feeds can be obtained. 
Typical current feeds as 48V 2 x 20022, 2 x 
4002 and 36V 2 x 25022 can be handled. 


Application-dependent parameters such as line 
balance, sidetone level and frequency response 
are set by external components. Parameters 
are set independently which means easy adapta- 
tion for various market needs. An extra 20dB 
amplifier can be used for various purposes such 
as extra receiving gain with volume control or 
active sidetone balance. 


DIP-18 Plastic 


(0.4) 


+LINE 





15nF 


—LINE 





S- 8587/1 





ABSOLUTE MAXIMUM RATINGS Maximum ratings over operating free-air temperature range 


(unless otherwise stated) 


Voc Line voltage, t, = 2s 22 V 
loc (*) Continuous operating line current 100 mA 
T; Junction temperature 150 °C 
Tamp Operating ambient temperature -40 to 70 re 
Testa Storage temperature -55to150 °C 





(*) Max. current increases linearly up to 130mA with max operating temperature lowered to +55°C 


RECOMMENDED OPERATING CONDITIONS 


: ' 




































CONNECTION DIAGRAM Test set-up 
+ LINE ee 
ee 

OC INPEDANCE OUTPUT 200+200n Ry = Oto 4kN MICROPHONE 
MATCHING (2) Nt 

M 
GAIN SET 5H+5H | 

3 

ING 
+DC SUPPLY Bee eye ‘ 
- 48.5V 470uF eet 
LINE AGC -LINE (GND) CIRCUIT 
nee MICROPHONE 
INPUT Ze 
SIDETONE GAIN SET Oe 
CIRCUIT 
SIDETONE (3) uF WHEN LINE 1S USEO ee 
CIRCUIT (369%) Ry=O WHEN LINE: IS USEO 
F : : , ° 

Raisin Thermal resistance junction-ambient max 80 C/W 
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ELECTRICAL CHARACTERISTICS (Electrical characteristics over recommended operating 


conditions) » 






Parameter 





Terminal voltage Ipc = 15mMA 


Voc 
Ipc =100mA 


















G+ Transmitting gain * * 1ogi0 pee 1KHz 
R, =0 3 E=E+10% 
R= 4002 
Ri = 9002 -2.2KQ 















REG+ — Transmitting range 1KHz 
of regulation R, = 02 E=E+10% 
to R,; =9002 











Lint Transmitting 200Hz to 3.4KHz 
frequency response 


20 + logig (4) 1KHz 

















Gr Receive gain * 















Ry, =02 1 E=E+10% 
Ry. = 4002 
R= 9002 +2.2KQ 









1KHz 
R,_ =02 E=E+10% 
to R, = 9002 


Ling Receiving frequency 200Hz to 3.4KHz 
response 
Transmitter input 1KHz 
impedance 


Transmitter dynamic 200Hz -3.4KHz 
output < 2% distortion 
Ipc = 20-100mA 
200Hz -3.4KHz 
Ipc =0-100mMA 
V3=0-1V 


Zout Receiver output 1KHz 
impedance 
VR Receiver dynamic 200Hz -3.4KHz 


output ** < 2% distortion 
Ipc = 20 -100mA 


Measured with line rectifier 
200Hz -3.4KHz 

loc =0-100mMA 

Vz, =0- a 


RL = 
aad REL 1V, with 
noise cable 0-5 km ¢ 0.5 mm; 
0-3 km 60.4 mm 


as OR WE 
Ipc Extra available Ipc = 15-100mMA 

current when muted 

at the same DC-voltage 
Is Supply current for R,_ =0-8002 

the microphone 


* Adjustable to both higher and lower values with external components 
** The dynamic output can be doubled. See application notes at R14 


Receiving range of 
regulation 


REGR 








Ea 




























Transmitter max 
output 


VT 



































Vr Receiver max output 













Te 
xo] 










N+ Transmitter output 


noise 











Nr Receiver output 
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Fig. 1 - Typical application with DTMF generator PBD 3535 
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Some typical values for R1 and R2 for some 
different supplies from telephone stations are 
shown in the next table 
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SPEECH CIRCUIT 


@ MINIMUM NUMBER OF_ INEXPENSIVE 
EXTERNAL COMPONENTS, 5 CAPACI- 
TORS AND 10 RESISTORS 


@ MUTE FUNCTION FOR PARALLEL OPE- 
RATION WITH DTMF GENERATOR OR 
DECADING IMPULSING 


@ LOW VOLTAGE OPERATION, DOWN TO 
3.3V 


@® VERY SHORT START-UP TIME 
® SIDETONE DISTORTION CANCELLATION 
PBL 3726/11 is a standard version of the PBL 


3726 family of the mask-programmable, mono- 
lithic integrated speech circuits for use in elec- 


tronic telephones. It is designed for use with a 


low impedance microphone. Sending and re- 
ceveing gain is regulated with line length. Dif- 
ferent ranges of amplifier regulation for various 


TEST CIRCUIT 





current feeds can be obtained with external 
resistor or totally cur off. Typical current feeds 
such as 48V 2 x 20022, 2 x 400Q and 36V 2 x 
25022 can be handled. 


Application-dependent parameters such as line 
balance, sidetone level and frequency response 
are set by external components. Parameters 
are set independently which means easy adapta- 
tion for various market needs. An extra amplifier 
can be used for various purposes such as active 
sidetone balance. 


DIP-18 Plastic 


(0.4) 


+ LINE 


| |ezka 
I2KN 


| 6.2K0 
OUTPUT 
O 


PBL 3726/11 





1SnF 
~ LINE 


$- 8627/3 





Some typical values for R1 and R2 for some 
different supplies from telephone stations are 


shown in the next table 
No regulation, 


all feeding systems 
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ABSOLUTE MAXIMUM RATINGS Maximum ratings over operating free-air temperature range 


(unless otherwise stated). 








Voc Line voltage, th = 2s 22 


V 
lbc (*) Continuous operating line current 100 mA 
T; Junction temperature 150 °C 
Tampb Operating ambient temperature -40 to 70 ae: 
T sg Storage temperature -55 to 150 °C 





(*) Max current increases linearly up to 130mMA with max operating temperature lowered to +55°C 


RECOMMENDED OPERATING CONDITIONS 








Parameter 








Line current 













































CONNECTION DIAGRAM Test set-up 
R teed 
+ Line _ _ 
200+200N [] e010 3 MICROPHONE 
OC INPEGANCE (2) ; 
MATCHING Se MUTE O- 2M =350.0 
5SH+5H i] 
GAIN SET 3 
© 
ECEIVING lie Pecks - 
+OC SUPPLY R INPUT 48.5V 470uF SS 
) eee een ee CIRCUIT 
LINE AGC - LINE (GNO) ! ane 
600.0 | ; can a 
MUTE — : 
MICROPHONE 4 Z_=350 A 
| INPUT ©) v5 
: feed re : 

EARPHONE 
SIDETONE 
CIRCUIT GAIN SET 

(> )F WHEN LINE IS USEO S~- 87611? 
SIOETONE (22K) R= 0 WHEN LINE IS USEO 
CIRCUIT 
‘ Ps . s O° 

Rth j-amb Thermal resistance junction-ambient max 80 C/W 
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ELECTRICAL CHARACTERISTICS (Electrical characteristics over recommended operating 


conditions) 


Parameter Test Conditions 


Vb Terminal voltage 
Gr 


Transmitting gain * 


wo 
wo 
<|f 


11 











Va 
20 = logyg (——— ) _1KHz 
V3 













R, =0 - E=E+10% dB 
R, = 4002 dB 
Ri = 9002 - 2.2K2 dB 











1KHz 
R, =02 E=E+10% 
to Ry = 9002 


200Hz to 3.4K Hz 


Transmitting range 
of regulation 


REG{ 
















Lin-+ Transmitting 
frequency response 












V 
20 + logi9(——-) 1KHz 





Gr Receive gain * 




















Ry =02 + E=E+10% dB 
Ry, = 4002 dB 
Ry = 9002 -2.2K2 dB 









REGR 1KHz 
R, =02 E=E+10% 


to R, = 9002 


Linr Receiving frequency 200Hz to 3.4KHz 
response 
impedance 
Vr Transmitter dynamic 
output 


Receiving range of 
regulation 













200Hz -3.4KHz 
< 2% distortion 
Ipc = 20 - 100mMA 


200Hz ~- 3.4KHz 
Ipc =0-100mA 
V3=0-1V 



















Transmitter max 
output 


Vr 






impedance 


Receiver dynamic 200Hz - 3.4KHz 
output ** < 2% distortion 


Ipc = 20 - 100mMA 
V1=0-50V 
Measured with line 
rectifier 

200Hz -3.4KHz 
Ipc = 0 - 100mMA 
Vi =0-50V 





Vr Receiver max output 









GS 

















oo < < < 5 = 
s < Z ra) . = = 


N+ Transmitter output Poof weighted, REL 1V ~75 AdBpsot 
noise R.=0 
Nr Receiver output A-weighted, REL 1V, with -~85 B 
noise cable 0-5 Km ¢0.5 mm; 
0-3 Km ¢ 0.4 mm 


3 
> 


Im Mute input current 


loc Extra available current Ipc = 15 - 100mA 
when muted at the 





aie 
> 





same DC-voltage 


* — Adjustable to both higher and lower values with external components 
** The Dynamic output can be doubled. See application notes at R14 
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Fig. 1 - Typical application with DTMF generator PBD 3535 
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SPEECH CIRCUIT 


@ MINIMUM NUMBER OF_ INEXPENSIVE current feeds can be obtained. Typical current 
EXTERNAL COMPONENTS, 5 CAPACI- feeds as 48V 2 x 25092 2 x 40002 and 36V 2 x 
TORS AND 10 RESISTORS 25022 can be handled. 

@ MUTE FUNCTION FOR PARALLEL OPE- Application-dependent parameters such as line 
RATION WITH DTMF GENERATOR OR balance, sidetone level and frequency response 
DECADING IMPULSING are set by external Components. Parameters 

are set independently which means easy adapta- 

° ey) VOLTAGE OPERATION, DOWN TO tion for various market neeeds. An extra 20dB 

; amplifier can be used for various purposes such 

@ VERY SHORT START-UP TIME as extra receiving gain with volume control or 


active sidetone balance. 


@ SEPARATE POWER SUPPLY POSSIBLE 
FOR OUTPUT AMPLIFIER 


PBL 3726/12 is a standard version of the PBL 
3726 family of the mask-programmable, mono- Ss DIP-18 Plastic 
lithic integrated speech circuits for use in elec- (0.4) 

tronic telephones. It is designed for use with a 
low impedance microphone. Sending and re- 
ceiving gain is regulated with line length. Dif- 
ferent ranges of amplifier regulation for various 





TEST CIRCUIT 


+ LINE 
O 


OUTPUT 
O 





310N 
\SnF 











—LINE 
© 


$-8598/ 3 


Some typical values for R1 and R2 for some dif- 


ferent supplies from telephone stations are N Ne 
: o regulation, 
shown in the next table. all feeding systems 


48V,2 x 4002 
48V,2 x 2002 
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ABSOLUTE MAXIMUM RATINGS Maximum ratings over operating free-air temperature range 


(unless otherwise stated) 







Line voltage, tp = 2s 22 V 
lie (*) Continuous operating line current 100 mA 
T; Junction temperature 150 aC 
Tamp Operating ambient temperature -40 to 70 =G 
T stg Storage temperature -55 to 150 C 








(*) Max. current increases linearly up to 130mMA with max operating temperature lowered to 55°C 


RECOMMENDED OPERATING CONDITIONS 


| tae fs || ow fe 














CONNECTION DIAGRAM Test set-up 


+ Line 







MICROPHONE. 






DC INPEOANCE TPUT ; 
MATCHING OU Rt O10 xn 
MUTEO ] re 
GAIN SET 
: 
+OC SUPPLY neceS 
TEST 
LINE AGC -LINE (GND) CIRCUIT 
MUTE 
MICROPHONE 
INPUT | | z= 350.0 
O 
aRevi GAIN SET EARPHONE 
SIDETONE (2) uF WHEN LINE 1S USED arene 
CIRCUIT (2%) Ry=0 WHEN LINE 1S USED 





S-8586/1 


THERMAL DATA 










Rth jamb Thermal resistance junction-ambient max 80 °C/W 
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ELECTRICAL CHARACTERISTICS (Electrical characteristics over recommended operating 


conditions) 


















loc = 15mA 
Ibc = 100mA 





) 1KHz 
3 


RL= E=E +10% 
R,_ =9002 - 2.2K 





















REG+ Transmitting range 


of regulation 








R, =02 E=E + 10% 
to R, = 90022 


Lin+ Transmitting 200Hz to 3.4KHz 
frequency response 


Gr Receiving gain * 








7 
R_ =02 E=E+10% 


R_ = 9002 -2.2Ka 













REGR_ Receiving range of 


regulation 








R_ =02 E=E+10% 


to Re = 9002 


Ling Receiving frequency 200Hz to 3.4KHz 
response 
Transmitter input 1KHz 
impedance 


Transmitter dynamic oe ~ 3.4KHz 


output < 2% distortion 
lnc = 20 - 100mA 


200Hz - 3.4KHz 
Ipc = 0 - 100MA 
V3=0-1V 


impedance 

V Receiver dynamic 200Hz - 3.4KHz Vp 

output < 2% distortion 
Ipc = 20 - 100mA : 
Measured with line 
rectifier Vp 
200Hz - 3.4K Hz 
lpbc =0-100mA 
V1 =0-50V 


ad REL 1V, with dBa 
cable 0-5 Km ¢0.5 mm; 
0-3 Km a 0.4mm 


_— Lanes A ial Gaal 


i Adjustable to both higher and lower values with external components 
% 






















Vr Transmitter max 


output 








































VR Receiver max output 
















N+ Transmitter output 


noise 












Receiver output 
noise 


Iu Mute current 


loc Extra available 
current when muted 
at the same DC-voltage 


Nr 
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Fig. 1 - Typical application with DTIMF generator PBD 3535 
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ADVANCE DATA 


L3000, L3010, L3121 


A KIT OF SOLID STATE DEVICES FOR INTEGRATING 
THE SUBSCRIBER LINE INTERFACE CIRCUIT 


The SGS SLIC is a set of solid state devices 
designed to integrate all the functions, but 
testing, needed to interface the telephone line to 
a telephone exchange. 


It consists of four integrated circuits, the L3000 
line interface and the L3010 control unit, plus a 
couple of L3121, solid state transient suppressor. 


All together these four devices perform the so- 
called BORSH, that is: 


— BATTERY FEED 

— OVERVOLTAGE PROTECTION 
RINGING 

— SUPERVISION 

— HYBRID 


Additional functions, such as battery reversal, 
extra battery use, line overvoltage sensing and 
metering-pulse injection are also available from 


Fig. 1 


= 


he L 3000 


——- =e 


the SGS set of devices; most external charac- 
teristics, such as AC and DC impedances are 
programmable thanks to external components. 


The SGS SLIC injects the ringing current in 
balanced mode and for that purpose, as well as 
for the operation in battery boosted condition, 
a positive supply voltage of +/72V_ shall be 
available on the subscriber card. 


As the right amplification to the ringing signal 
both in voltage and in current is provided by the 
SGS SLIC the ring generator shall only provide 
a low level signal (1 Volt peak). 


Intended for use in both public and private 
networks, the kit is designed using the best 
technologies available to provide optimal com- 
bination of performance and reliability. 


In Fig. 1 the block diagram of the SGS SLIC 
is shown. 


TELETAX 


RING 


FROM/TO 


Ree 10 COMBO 


S- 9216 





TO/FROM 
CARD CONTROLLER 


This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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SLIC 


LINE INTERFACE 


The L3000 line interface integrates all those 
functions which require high voltage or high 
dissipation, such as Battery Feed and Ringing 
injection. 


To allow extra feeding for long lines and the Lip oe =~ 2 iA SILWATT® 
integration of the ringing function, this part is po 

designed using a high voltage, junction - isolated 
bipolar technology (Vceg > 140V, Vcego > 
250V) and housed in a premoulded SIL plastic ORDERING NUMBER: L3 
power package (SILWATT®). BER: 13000 





BLOCK DIAGRAM 


VDD AGND VB+ BGND MNT VB- VBIM 
17] 
7 


SUPPLY 
FILTER 


OUTPUT TIP (b) 


STAGE 
ING (a) 


SENSORS PROTECT. 


S- 9217 





PD/DP/RP NB/BB/RG IA+IB IA-IB 
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SLIC 





ABSOLUTE MAXIMUM RATINGS 


IVp- | + 


IVe+ | 


Voltage of negative battery 

Voltage of positive battery 

Total battery voltage 

Supply voltage of analog signal processing 
Operating temperature 

Max junction temperature 

Storage temperature 


80 

80 

140 

5.5 

0 to +70 
+140 

-55 to + 150 


Oo 


O00<<<e< 


[e) 





WARNING: When connecting power supplies to L3000, please be sure that -48 is applied first and +72 last; a reverse 
sequence shall be followed during disconnection. To prevent wrong operation a shotcky diode may be placed between 
the battery (-48) and its ground. 


THERMAL DATA 





Rth j-case 
Rth j-amb 


Thermal resistance junction-case 
Thermal resistance junction-ambient 


PIN CONFIGURATION 


PIN 


On oom BPW NO = 


— 
Oo oO 


SYMBOL 


TIP 
MNT 
Ve 
BGND 


Vop 
2W 


Veim 

Vea- 
AGND 
REF 
NB/BB/AG 
PD/DP/AP 
In + Ip 
In - Ip 
RING 






max 3 °C/W 


FUNCTION 


Wire b. 

Positive supply voltage monitor. | 
+72V (+60V). 

Battery ground 

+5V 

Two wire unbalanced terminal. 
Battery image and supply voltage filter. 
-48V (-60V). 

Analog ground. 

Bias set. 

State control signal 1. 

State control signal 2. 

Differential line current 

Common mode line current. 


Wire a. 
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SLIC 





CONTROL UNIT 


Low voltage and control functions are integrated 
in the L3010 SLIC CONTROL UNIT. 


Realized with a high speed 10V_ technology 
(MTL3V), which combines analog and digital 
elements, this chip includes the 2/4 wire inter- 
face, impedance matching, on/off hook detection 
and signalling functions; metering pulse injection 
(TELETAX) and ground key detection are also (0.25) 
present in L3010. 


L3010 communicates with the card’s control 


processor via a serial bus; it is encapsulated into ORDERING NUMBER: L3010 
a 28 pin ceramic DIL package. 





BLOCK DIAGRAM 





48 & §888 
a Nn @& & 
C 
AX 
TX AC-D0C 
a b» 6mIMPEDANCE 6 © VBIM 
ner SYNTHESIS 
TTX IN 5 
© IA+IB 
LOOP - 
° SUPERVISION | © IA~IB 
RING INJ. 
RING IN O {RING TRIP 
HV CONTROL. O NB/BB/AG 
TATE INTERFACE 913 a0 /0P/AP 
01/0 O=—5——~*“‘«éWF-------=-= 
R/W 
cs © 
= ; 22> TLS S- VOLTAGE 


REGULATOR 


b 28 8 $-9198 
Go > > 
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SLIC 





ABSOLUTE MAXIMUM RATINGS 





Vop Positive supply voltage +5.5 V 
Vss Negative supply voltage -5.5 V 
IVop! + |Vssl ‘Total supply voltage V 
Top Operating temperature range °C 
T, Max junction temperature “C 
Teig Storage temperature -55 to + 150 = 


THERMAL DATA 


Rthj-amb Thermal resistance junction-ambient 


PIN CONFIGURATION 


PIN SYMBOL 
4 AGND 

2 Vss 

3 Vop 

4 Veim 

5 2W 

6 Zac2 

7 Rsx 

8 Zaci 

9 Roci 

10 Peas 
11 Roca 

12 In - Ip 
13 PD/DP/AP 
14 NB/BB/AG 
15 D 1/O 
16 R/W 

17 CS 

18 CK 

19 RING IN 
20 C 

21 TTX IN 
22 TX 

23 TTX F1 
24 TTX F2 
25 ZB 

26 ZL 

27 RX 

28 REF 








max 
FUNCTION 
Analog ground. 
-5V 
+5V 


Battery image input 

Two wire unbalanced terminal. 
AC line synthesis 

Protection resistance compensation 
AC line impedance adjustement. 
DC feeding system 

Transversal line current. 

DC feeding system 

Longitudinal line current. 

State contro signal 2. 

State control signal 1. 

Data in/Data out. 

Read /write. 

Chip select. 

Clock. 

Ring signal input. 

Ring trip detection and TTX shaping. 
Teletax signal input. 

Sending output (4W). 

Teletax filter. 

Teletax filter. 

Balancing network. 

Line impedance. 

Receiving input (4W). 

Bias set. 
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SLIC 


OVERVOLTAGE SUPPRESSOR 


To protect L3000 and L3010 from overvoltages 
due to lightning and main induction, a series 
resistor is located at each line terminal and the 
special bilateral SCR structure L3121, gate 
controlled, is connected between each wire 
and ground. Thanks to gates, the L3121 can 
easily adapt its breakdown voltage to the actual 


ly voltage of the L3000. 
supply voltage of the ORDERING NUMBER: L3121 





L3121 is packaged in a S.I.P. 4 plastic minidip. 


ABSOLUTE MAXIMUM RATINGS 


Its Transient current (T1/T2 = 1/50us pulse 200 AP 

(T1/T2 = 1/1000us pulse) 150 AP 
Ip Non repetitive peak current (one sine wave 50Hz, 30s interval) 50 A 
Ip Repetitive peak current (50Hz, 1s) 20 A 
Prot Total power dissipationa at Tamph = 50°C (steady state) 1.2 Ww 
Ts Operating temperature -40 to 70 =C 
T stg, Tj Storage and junction temperature -40 to 150 °C 





THERMAL DATA 






Rthj-amb Thermal resistance junction temperature 


Rihj-ping Thermal resistance junction-pins 2 and 3 °C/W 





PIN CONFIGURATION SCHEMATIC DIAGRAM 
LINE 
PIN FUNCTION 
1 Gate N 
2 Ground GATE-P 
3 Line 
4 Gate P 
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OPERATION DESCRIPTION 


DEFINING PARAMETERS AND CHOOSING when evaluating the echo attenuation (2/4 
EXTERNAL COMPONENT VALUES wire conversion). It is usually a complex 
impedance. 


To set SGS SLIC in operation, the following. 


parameters have to be defined: — The frequency of the ringing signal Fr (SGS 


SLIC can work with this frequency ranging 
— The DC feeding resistance RFS, defined as from 16 to 66Hz). 
the resistance of each side of the traditional 
feeding system (most common values for RFS 7 te a te Mesa mee elgs 
are 200, 400 or 50092). 


— The AC impedance at line terminals, ZML. 
This is the impedance to which the return 
loss measurement reference. It can be either a 
pure resistance (typically 60092) or a complex 
impedance. 


— The value of the two resistors Rp in series 
with the line terminals; main purpose of the 
a.m. resistors is to allow primary protection to 
fire. SGS suggest 3082 min. for each side. 


On these assumptions, the following component 
— The equivalent AC impedance of the line ZB, lists are defined. 


EXTERNAL COMPONENT LIST L3000 


COMPONENT 
INVOLVED PARAMETER OR 







Rrer 24.9KQ Bias resistance 

Cove 47uF-10VL Battery voltage rejection 
CvB+ 0.33uF -100VL Positive battery filter 
Cvp- 0.33uF - 100VL Negative battery filter 


EXTERNAL COMPONENT LIST L3010 


COMPONENT 
REF VALUE 
(or calculation formula) 


Cyss 
Cypp 














INVOLVED PAREMETER OR 
FUNCTION 











0.33uF 15V, 
0.33uF 15V,. 


Negative supply voltage filter. 
Positive supply voltage filter. 
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EXTERNAL COMPONENT LIST L3010 (continued) 


NOTE 





(1) 
(2) 
(3) 


(4) 


COMPONENT 





INVOLVED PARAMETER OR 
VALUE FUNCTION 


(or calculation formula) 


5 (Res - Rp) 
4 
1/(27 Roc . 30) 


ess ep): DC Feeding system 


and AC 


impedance adjustement 


1/[27 (Ziac + Rec) 25° 10°] 


Bias set 


See note (1) Line impedance balancing network 


K 1 bRee + Ziac 7,1 5 Ccomp 
5 K 4 See note (2) 


Teletaxe filter (12KHz) 


See note (3) 


See note (4) Ring trip detection 





Slic impedance balancing network 


: The structure of this network shall copy the line impedance, in case multiplied by a factor K (K= 1. ..10). 


: K as fixed at note (1). 
: If the teletaxe filter is not used, pin 23 should be shorted with pin 24. 






co | [oe [ow |v | mm | m 
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Ring freq. (Hz) 16/18 18/21 21/26 26/31 31/38 38/46 46/57 57/66 
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IMPEDANCE 
SYNTHESIS 
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STAGE 
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RING TAIP 











THERMAL 
PROTECT. 














STATE 
DECODER 


CURRENT 
SENSORS 


HV CONTROL 
INTERFACE 


Be Pe ee aE a ee Ne 
Se RES Ee 


CONTROL 






VOL TAGE 
REGULATOR 


S-9210 
REF REFH =~ 2c 
Vee Or Veg 5V 
= +72V Mop Pe) 
1 . BATTERY _1, _ ANALOG 
Ve. O Ov = ~ GROUND GROUND 


SS DD 
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INTERFACING WITH CARD CONTROLLER 


In the order to carry out all the functions, in- 
herent to the BORSH operation the SGS SLIC 
kit has several different working states, each state 


TABLE 1 


Power down 


Direct polarity 


Reverse poalrity 


Normal battery 


Boost battery 
Ringing 


is defined by the voltage applied by pins 13 and 
14 of L3010 respectively to pins 12 and 11 of 
L3000; three different voltage levels (-3, 0, +3) 
are available at each connection, so defining 
six possible states as listed in Tab. 1. 





Fig. 2 





Appropriate combinations of two states define 
the three modes of the SGS SLIC, that are: 

A) Stand-by (SBY) 

B) Conversation (CVS) 

C) Ringing (RING) 


The combinations offered by the system are such 
that in stand-by just one condition is allowed 


$-9211 


(Normal Battery with Direct Polarity) but four 
are possible in conversation (Normal Battery 
or Boost Battery, Direct Polarity or Reverse 
Polarity) and two in Ringing. (Direct Polarity or 
Reverse Polarity). 


The following picture shows the complete map 
of SLIC’s modes and states. 
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Inside the conversation mode, two more func- 
tions are also available, that do not affect the 
particular operation where the SLIC is set. 


The functions are: 


1) Current limiting (with 4 possible levels) 
2) Metering pulse injection 


Due to the structure of the data transmission 
from L3010 to 3000, the transition from one 
state to another is possible only if the two 
states are somehow contiguous in the map of 
Fig. 2. 


Transitions from not contiguous states always 
take place passing through the intermediate 
condition; of course the permanence in such a 
condition will last just the time needed by the 
voltage at pin 13 (or 14) to move from +3V 
to -3V (or viceversa). 


Control Interface 


The L3000/L3010 states, modes and functions 
are controlled by the card processor by loading 
commands serially through a four-wire bus; 
through the same bus (designed according to the 
well know SLD architecture) the card processor 
also reads status information. 


The four wires of the bus have the following 
functions: 


1) CLOCK (CK) __ 

2) CHIP SELECT (CS) 

3) READ/WRITE (RW) 
DATA IN 

4) pata out !/0) 


The clock frequency is 512KHz max. 


Pin 18 of L3010 
Pin 17 of L3010 
Pin 16 of L3010 


Pin 15 of L3010 


The CS signal always goes low when I/O data 
have to flow between the SLIC and its card 
controller. When R/W signal is high, data are 
transferred from the controller into the L3010’s 
\/O register, then copied into a latch for execu- 
tion; in this phase, a complete 8 bit word shall 
be loaded into 13010 for system operation, 
and therefore CS shall remain low as long as 
8 clock pulses. 


R/W high state shall always last as long as CS 
low state, but it may also start before and 
end after. 


Data are originated by the controller during the 
trailing edge and loaded into the SLIC during 
the leading edge of the clock signal. 
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To determine the line conditions, the card con- 
troller periodically reads the contents of the 
3010's register and this when both CS and 
R/W are low. 


Output data become available from the SLIC 
during the loading edge and are received by the 
controller during the trailing edge of the clock 
signal. 


Only four bits out of the eight available in the 
1/O register are significative in this phase, there- 
fore CS low state may last just four clock pulses; 
it is also possible for the controller to read only 
one (or two, or three) bit, and in this case CS 
will remains low just during the bits in which the 
controller is interested. 


After data have been written into SLIC (or read 
from the SLIC) two clock pulses are needed 
before the next phase can start. 


The structure of the data bus is shown in Fig. 3 
where also the meaning of each bit is displaied. 
Fig. 4 shows the complete chronogram of a 
Read/Write operation. 


As mentioned before, the L3000/L3010 states 
and modes are defined by the card controller, 
and the SLIC moves from one state to another 
one under external control, as shown in the 
Table 1; there is just an exception, and is that 
ringing is suspended autonomously by the SLIC 
if the loop is closed during a ringing burst. 


In this case, without any intervention of the 
card controller, the SLIC returns to the con- 
versation mode, (normal battery state) by means 
of the internal logic, and sets the control com- 
mands to the new situation. 


Fig. 3 











DATA IN 


BitO : ACT 


DATA OUT 


BitO : LS 


Bit? :OVL 


Bit2 : KEY 


Bit 3 : PW 


‘ACTIVATION 


BATTERY POLARITY 


RINGING BURST 


TELETAX 


EXTRA FEEDING 


CURRENT LIMITING AT: 30mA 


DISPARITY CONTROL 





LOOP STATE 


OVERLOAD 


GROUND KEY 


PREVIOUS WORD ACCEPTED 
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Stand-by 


Operation 


Direct polarity (tip to ground) 


Reverse polarity (ring to ground) | 


Ring off 


Ring on 


Teletaxe off 


Teletax on 


Normal battery 


Boost battery 


on hook 


off hook 


Differential line current << 65mA 


Differential line current > 65mA 


Common mode line current < |, /2.5 


Common mode line current > 1, /2.5 


Not accepted 


Accepted 






Fig. 4 - Chronogram 
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ELECTRICAL CHARACTERISTICS 





















Paremeters 


CK, CS, R/W INPUTS 


He Vi 
ly 
Ly Vie 
I 
DATA INPUT 


a) RW=1 £#CS=Osee CK, CS, R/W 
b) R/W = 1 S41 ly 


IL 


DATA OUTPUT 


CK FREQUENCY 





TIMING 
tay te 
Tw Twe 
TppH, Tepe 
Tmo 
TwpH 
Tsvi, Twve 
Tse 
TMe 
Tso 

Tmo 


OPERATION MODES OF THE SLIC 


Stand-by (SBY) 


In this mode, the bias currents of both L3000 2 Re = 

and L3010 are reduced as only some parts of the 3 

two circuits are completely active, control in- 

terface and current sensors among them. =2| Res — Rp + Ro] ; 

The current supplied to at the line is limited at 3 

10mA, and the DC characteristic depends on 

the resistance of the feedings system (2x Res) The voltage with infinite load is just the battery 
as well as on the value of the two externa! re- minus the voltage drop (approx 10V) of the 
sistors Rey+ according to the following formula: output stage amplifiers (see Fig. 5). 
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Fig. 5 


I, (mA) 


1 = cost, = 10 


The AC characteristic is just the resistance 
the two serial resistors Rp (that is 6002). 


In stand-by mode the polarity of the battery is 
just in direct condition, that is the tip wire more 
positive than the ring one; boost battery is not 
achievable. There are three possible line con- 
ditions where the SLIC is expected to be in 
stand-by mode. 


1) On hook (I, < 6mA) - normal on hook con- 
dition 

2) Line calling (Il, > 7.5mA) - handset un- 
hooked, SLIC waiting for command to 
activate conversation 


3) Malfunction (6 <1, < 10mA) - after the hand- 
set has been lifted, but no number dialled, the 
SLIC should be forced into the stand-by state 
in order not to waste power; the handset must 
be replaced, returning to the on-hook con- 
dition before another call can be initialized. 


When the SGS SLIC is in stand-by mode, the 
power dissipation of L3000 does not exceed 
200mW (from 48V) eventually increased of 
a certain amount if some current is flowing into 
the line (for instance during a malfunction con- 
dition). Depending on the total loop resistance, 
this quantity will range from 150mW (total loop 
resistance = 3.5KQ2) to about 800mW (loop re- 
sistance = 1402) the total loop resistance in- 
cludes telephone set and Rp. 

The power dissipation of L3010, in the same 
condition, is limited to 50mW. 
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35-9213 


Conversation (CVS) 


This operation mode is set by the control pro- 
cessor when the off-hook condition has been 
recognised. 


This mode can be set with either standard bat- 
tery condition (-48V) or in Boost Battery; in 
this case the L3000 operates between -48 and 
+72mV. 


In any case it is possible to select by the con- 
trol processor the maximum line current (Bit 
5 and Bit 6) and the polarity of the line system 
(“‘Direct’’ or ‘‘Reverse’’ - Bit 1). 


Battery reverse can take place either before or 
during conversation. 


As far as the DC characteristic is concerned, 
three different feeding conditions are preset: 


a) Current limiting region: the DC impedance 
of the SLIC is very high (> 50K{2) and 
therefore the system works like a current 
generator, the current value being set by the 
contro processor through the interface (4 
options are available). 


b) Standard feeding system region: the charac- 
teristic is equal to a 46V battery (named Ap- 
parent Battery, fixed internally by the control 
unit and indipendent of the actual battery 
value) in series with two resistors, whose value 
is set by external components (see external 
component list of L3010). 








c) Low impedance region: the battery value is 
reduced to 38V, and the serial resistance is 
reduced to the some value specified in stand- 
by mode, that is: 


Res - Rp 


2°] 3 


# Rp | 


Switching between the three regions is automatic 
without discontinuity, and depends on the loop 
resistance. 


When the boost battery condition is activated 
(Bit 4) the low impedance region can never be 


Fig. 6 - DC characteristics (N.B.) 





In conversation mode the AC impedance at line 
terminals, Zyy, is syntetized by the external 
components Zjac and Rp, according to the 
following formula: 


Zum_ = = Zinc + 2 Rp 


The capacitor Cceomp guarantees stability to the 
system. 


Depending on the characteristic of the Zac 
network, Zi, can be either a pure resistance or 
a complex impedance, so allowing SGS SLIC to 
meet different standards as far as the return loss 
is concerned. 


The two-to-four wire conversion is achieved by 
means of a Wheatstone bridge configuration, 
the sides of which being: 

1) The line impedance (Zine) 

2) The SLIC impedance at line terminals (Zy_) 


reached by the system; the Apparent Battery is 
internally fixed at 95V. 


In conversation mode, whatever the condition 
(normal or boost battery, direct or reverse po- 
larity), it is always possible to inject metering 
ea) when request by the control processor 
Bit 3). 


A patented automatic control system adjusts the 
level of the metering signal to contain 2 Vams 
across the line, regardless of impedance. 


Moreover the metering signal is ramped at the 
beginning and end of each pulse to prevent un- 
desirable clicking noises. 


Fig. 7 - DC characteristics (B.B.) 
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3) The network Z, connected between pin 25 
and pin 26 of 3010, that shall be an image of 
Zumt. (see external component list) 


4) The network Zp between pin 25 and ground; 
Zp shall copy the line impedance. 


For a perfect balancing, the following equation 
shall be verified : 


Z ou 


Zp Ziine 





It is important to underline that Z, and Zp are 
not necessarly equal to Zy_ and to Zijjne, but 
they both may be multiplied by a certain factor 
(up to ten) so allowing use of smaller capacitors. 


In conversation, the L3000 dissipates about 
500mW for its own operation; to that value the 
dissipation depending on the current supplied 
to the line shall be added. 








Fig. 8A 


400 


W732 


HIGH 
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Fig. 8B 
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To calculate the total power dissipation in a 
pre-fixed line condition, first of all it is necessary 
to determine the amount of the current supplied 
by the SLIC to the line, that amount depending 
on the max current limit set by the card con- 
troller (see Fig. 8A,where a feeding system 2x200 
is supposed and Fig. 8B for 2x400). The power 
dissipated in the L3000 line interface can be 


Fig. 9A 
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evaluated with reference to Fig. 9A and Fig. 9B. 


The figure puts in evidence the effect of the 
current limiting function to reduce the power 
dissipation. 


The equivalent trend of power vs. current is 


showed in Fig. 10 in case the battery boosted 
condition is selected. 


Fig. 9B 


40 


50 1, (mA) 


$- 9201 





Fig. 10 


P(W) 


10 20 


Ringing 

When the ringing function is selected by the 
control processor, (Bit 2) a low level (1 Vpus) 
16-66Hz, permanently applied to one pin of the 
L3010, is connected to the sending chaine and 
injected in balanced mode into the line through 
the L3000 with a superimposed DC voltage of 22V. 
The first and the last ringing cycles are synchron- 
ized by the L3010 so that ringing always starts 
and stops when the signal crosses zero. 


When this mode is activated, the LSO00 operates 
between -48V and the positive +72V battery; 














LOOP RESISTANCE= 
1700 om 


The maximum loop current in boost 
battery condition is fixed at 42 mA, 
equivalent to a loop impedance 
(line + telephone) of 17009: as a 
matter of fact, should the current be 
higher, the connection of the boost 
battery is completely useless. 


40 50 60 1) (oA) $-9202 


the impedance to the line is just the two external 
resistors and the polarity of the 22V DC com- 
ponent can be either direct or reverse. 


Reversal can take place also in presence of the 
ringing signal. 


Ring trip detection is performed autonomously 
by the SLIC, without waiting for a command 
from the control processor, using a patented 
system which allows detection during a ringing 
burst; when the handset is lifted, the SLIC 
suspends the ringing signal, returns to the normal 
battery condition and in this condition checks 
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that the loop is closed. If the loop closure is con- 
firmed, a flag (BIT in output) is set and the 
SLIC waits for the control processor to deselect 
the ringing mode and activate conversation. 


In ringing phase, the power dissipation of the 
H.V. device is about 2.5W (during ring burst), to 
which the power depending on the ring current 
shall be added. That contribution is particularly 
important as the load during ring is generally 
Capacitive; it means that when a high current is 
flowing from the SLIC, most of the voltage drop 
is located across the SLIC itself rather than 
across the load. 


As a worst case 3 paralled ringers connected 
to a null line have been considered, the total 
load being 12002 with a phase of 60°C; time-on 
is 1 sec and time-off is 4 sec. 


Assuming to set SLIC in conversation mode 
during ‘‘time off’, and due to the time constant 
related to the package, in the above mentioned 
case the average power dissipation about 1.7W. 


Of course, in most cases, when one or two 
ringers are connected, the power dissipation 
is considerably lower. 


On that value the thermal characteristics of the 
heat sink shall be calculated, assuming an am- 
bient temperature of 70 C. 


The power dissipated during the ringing phase 
can be easily calculated for each condition, 
when the characteristics of the load are well 
known. 


The load is assumed to include the two resistors 
Rp, and this in order to put the power dis- 
sipation in L3000 in a better, in any case the 
load will be identified by its impedance module 
| Zioaa | and its phase y 


The power delivered to the load by L3000 is: 


Prada = Veing ling * cos Y 


Vring is fixed at 60 Vams, therefore 
60 


toad 


Pioaad = 60 * * cos ~ 


The power drained by L3000 from batteries is 
(90:4 


load 


" 2 
TT . 
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where 120 is the total supply voltage applied 
to L3000 and 200i: V2 = is the RMS value 


load w 
of the fully rectified ringing current. 


The power dissipated inside L3000, Pp, is 
clearly the difference between the power drained 
from the batteries and the power delivered to 
the load. 


Pa = Pa - PL 


The amount of power due to the bias current 
(2.5W) and to other current proportional to 
ringing current should be added to this value so 
obtaining: 

60 


load 


ce 
1 


) 1 


Potot = Pa ~ Pg + 2.5+ (120° 76 


Of course this power dissipation refers just to 
the ringing burst, and to know the average value, 
you have to consider the ring-on and ring-off 
times by applying: 
PoToT 


P ton + Pevs * toft 
DAV Se oes re 
5 
Povs is the power dissipated in L3000 in con- 
versation; toy, and tos Can change according to 
different PTT specifications, but (to, + to¢¢) is 

always equal to 5s. 





Fig. 11 - Power cycle in ring phase - German/Italian timing 
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Fig. 12 - Power cycle in ring phase - French timing 
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APPLICATION INFORMAT 


Example 


In the following pages a pratical example is 
considered, and the complete behaviour of the 
circuit is evaluated. 


1) Definition of design parameters 
— DC feeding system: 2x 2002 


2) Calculation of external components 








ION 





5 (Res -R 5 (200 - 30 
Roc = eh ce OOO) 212.52 
4 4 

LAC 2n Roc’ 30 = 2m 212.5* 30 

Z - 2R 5 (600 - 60 
Ziac a 2 Pm, = 2 Ret = a—— = §75Q 
Rec = ag Rp = 75Q 

l = 

Ccomp = aaa 


2m (Zinc + Rpc) * 25° 10° 


Zg = 6002 x 10= 6KQ (*) 


2m (675+ 75) * 25° 


AC impedance at line terminals: 60092 
Equivalent AC impedance of the line: 6000 
Ringing signal frequency: 25Hz 

Teletaxe signal frequency: 12KHz 

Series Resistors Rp : 30 


1 


rhs OnF 
10° 


Ron + Z - 10 5C 4+ 7050 5x9 

Pcie eS Aime) UO jp COME a, ORO. yf 5640Q // 1.1nF (*) 
5 4 5 4x 10 
(*) K=10 
COMPONENT LIST (See fig. 1) 
R1= 30.1 2 R8 = 681 9) Ci= O.33uF C8 =~ 8.5nF 
R2= 30.1 Q R9 =210 2 C2= O.33uF C9 = 47 wF/15V_,_ 
R3 =249 KQ R10 = 1,.33K2 C3= 47 wF/15Vy._ cgi = 47 WF/15V,_ 
R4=25.5 KQ R11 =215 KQ C4= O.33uF C10= 100 nF 
R5= 6 KQ RRX =600 2 Ch5= O0.33uF Cii= 15 nF 
R6= 562KQ RTTX =600 2 C6 = 330 nF Ci2= 15 nF 
R7=75 RRING =600 QQ C7 = 1 nF D1 = TYPE BAT 49 
(Thomson) 


All resistors belong to E48 series, 2%, 0.25W, exception made for R1 and R2 that should be at 1%, 0.5W. R3 and R4 - 


that should be 1%, 0.25W. 


All capacitors belong to E12 series exception made for C6, that should have a tolerance of + 5%. 
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LINE TERMINALS 
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i ci2 
E pic | RTTX, RRING, RRX are set just during evaluation 
° b Oo O phase, not to let pin 19, 21, 27 float; they are not 
necessary when right interfaces are connected to 
the system. 


TTX 
RING 
01/0 

R/H 

cS 
CK 
AX 
TX 








Fig. 2 - Evaluation P.C.B. 


RING, TIXTX.RX 
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85 mm. 





Fig. 3 - P.C. Track and component layout 


OO 
D> 





Shaded components to be replaced by metal short circuit 


C$-0230 
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95 mm. 





ELECTRICAL CHARACTERISTICS 


Parameter Test Condition join. } Tye. | Max. | Unie | Fig. | 
STAND-BY | 


Ve Output voltage 


at line terminals 
ILec Short circuit current 


On-hook detection threshold 


Off-hook detection threshold 


Simmetry to ground 





DC OPERATION -NORIIAL BATTERY 
VL 











Output voltage 
at L3000 terminals 





at line terminals 








lLec Short circuit current 







ILOL Overload detection threshold 


lo On-hook detection threshold a, mA iw 


I; Ground current detection threshold lL > 5mA 


DC OPERATION - BOOST BATTERY 


VEL Output voltage 
at | 3000 termination 


at line termination 








658 


ELECTRICAL CHARACTERISTICS (continued) 


AC OPERATION 
[rx Serdingoututimpetoee [dT YT 


THD Distortion at 2W and 4W VH = 1.75 Voeak 
terminals 
Return loss at 2W terminals f = 300 to 500Hz 16. aud 
f = 500 to 3400Hz 20 
Echo suppression f = 500 to 3000Hz 24 dB 
f = 300 to 500Hz and 3000 to 3400Hz/| 16 dB 


Sending Gain Vso= 0dBm f = 1020Hz )-0.2} | 40.2. 40.2 | 2| dB 


Sending gain flatness vs. freq. | f = 300/3400Hz 
freq. = 820Hz 

without teletax filter 
with teletax filter 


















m 
Nn 


























f = 820Hz 
Vso ref — -10dBm 
V so = +4/-40dBm 
Veo = -40/-60dBm 


Vri = OdBm 
f = 1020Hz 


f = 300/3400Hz 
freq. = 1020Hz 


Gain Accuracy 


Gp Receiving gain 
Receiving gain flatness vs. 
freq, 


Gain Accuracy 

































f = 820Hz V Ri= -10dBm 
V a= +4/-40dBm 
Vriz ~40/-60dBm 


No Psophometric noise TX terminals -75 uv 
Line terminals -75 dBmop 
SVRR Supply voltage rejection f = 300/3400Hz 10 
(both direction) 
Longitudinal to transversal 
conversion 


Transversal to longitudinal 
conversion 
















Propagation time distortion rf} fas Pus | o 
ViTTx Output signal 1a | | 22 | Vine | 2 | 
THO Homonednonion ——vrrx=vSSS*dSC’ St 
Teletax amplifier input 100 KQ 
impedance 
VR Residial voltage at TX with teletax filter rms 
terminals 
Rise time and fall time of 
teletax signal envelope 


















ELECTRICAL CHARACTERISTICS (continued) 


raconn [wm [ve [wm [ow [oo 


RINGING PHASE 


2 
a aes a aa 
2 


IE DC off-hook detection threshold a es 
Current limitation | 100 | 
Ringing current simmetry 

THDR Harmonic distortion 
Ringing input impedane 
Residual signal at TX output 
Ring trip detection time 
Off hook status transmission delay 


Cut off of ringing 


TEST CIRCUITS 








Fig. 6 
Fig. 5 
A 
1uUF 
4KOh 
4u 4uF $-9205 
500 Ohm 500 Ohm 
25HZ 
30V 


- 


Z 
RL = 20 log SE = 20 log 
L 
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TEST CIRCUITS (continued) 
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TEST CIRCUITS (continued) 


Fig. 13 
uF 
& 
om 
Or oT 
2 VL 
Qype —L 
CUF 
Fig. 14 
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HOW TO PROTECT SGS SLIC 


Terminals Line-A and Line-B of the high voltage 
line interface L3000 must be protected to 
ground against overvoltages that might damage 
the sensitive internal circuitry, causing failure or 
degradation of SLIC’s performance. 

Protection must be provided on both line ter- 
minations, A and B. and in both directions, 
positive and negative. 


Because of the wide supply voltage range re- 
quested in the different countries and applica- 
tion, and due to the broad tolerances on the 
exchange batteries, a fully programmable sup- 
pressor has been developed, to be controlled 
directly by the external supply. 


Fig. 1 - L3121 schematic diagram 


Gate-N- 


Q4 


= 





Application with SLIC against negative over- 
voltage 


When the voltage at line-A (or line-B) decreases 
about 2V below -Vop (-Vpp-Vp1-VB_E), D1 
and Q2 start conducting and L3121 switches to 
short circuit protecting pin 1 (or 15). D1 pre- 
vents short circuit between GND and -Vpp. 
A resistor of 3002 is requested at pin 1 (or 15) for 
a proper operation of the SLIC. This resistance 





Operation of L3121 


The suppressor, Fig. 1, is based on a couple of 
SCR connected in antiparallel and housed in 
the same package, which switch to short circuit 
when the gates are properly triggered, and, due 
to Re (a few {2), recover to high impedance 
when the current drops below a minimum value 
(about 200mA). 


The L3121 can be controlled either through 
gate-N- or gate-P+ (Fig. 1). 


During overvoltages the peak between line and 
ground, may overcome by some Volts the value 
of the triggering reference. 





LINE 
a 
Gate-Pt 
Q3 ] 
Qe QA 
i eS 
a $-9222 
GND 
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may be splitted in: 


-R1 (1082), because of some volts overshoot 
that might occour during fast clamping or 
L3121, degradating SLIC in case of direct 


connection; 


-R2 (2002), to separate L3121 from the external 
gas-discharge tube, constituting the primary 


protection. 








Application with SLIC against positive over- 
voltage 


As shown in Fig. 2, pin 2 (Vs) is ‘ecaally con- 
nected to pin 4 (GND), through a diode, and to 
pin 3 (+Vec) through a PNP darlington. The 
darlington, normally off, is switched on in 
“Boosted Battery’’ and ringing conditions, to 
provide requested overfeed (+60 to +72V) for 
the output stage of the line interface. 


A positive overvoltage on the line activates Q3 
(base-emitter) and D2, pulling up the supply of 
the output stage, whichever is the feed con- 
dition, and = preventing dangerous inversion 
between V-supply and V-out. 


When the line voltage overcomes Vcc by about 
2V (Vec + Vee + Vp3), Q3 and D3 start con- 


ducting and switch the L3121 to short circuit, 
protecting pin 1 (or 15). D2 prevents short 
circuit between *Vec and GND (through PNP 
darlington). 


In case of very fast rising time, an additional 
capacitor, C1 - min 10nF is to be added between 
gate-P and cathode, to speed up Q3. 


In conclusion, the L3121, gate controlled tran- 
sient suppressor, when properly connected and 
paralleled is able to guarantee a complete pro- 
tection against positive/negative and static/ 
dynamic overvoltages. 


Test performed with a circuit in accordance with 
the above diagram have given positive results both 
against lighting stresses and mains inductions. 


Fig. 2 - Complete schematic for pulse suppression (The whole circuitry must be duplicated for pin 15) 
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+72V 


ae Vs 








LINE 
T 
Re 
Q3 T]-eGate-Pt 
a Q2 Q4 C1 
Qt 
oe 
—— 
GND S-9221 








CATV ULTRA-LINEAR HIGH-GAIN TRANSISTOR 


The BFR36 is a multi-emitter silicon 
planar epitaxial NPN transistor in Jedec 
TO-39 metal case. 

It is designed for CATV-MATV amplifier 
applications over a wide frequency range 
(40 to 860MHz). 

The device features very good intermo- 
dulation properties, very low reverse 
capacitance, high power gain and high 
power dissipation. 


ABSOLUTE MAXIMUM RATINGS 


VcBo Collector-base voltage (I_- = 0) 

VcEO Collector-emitter voltage (l_ = 0) 

VEBO Emitter-base voltage (Ic = 0) 

le Collector current 

lem Collector peak current 

Prot Total power dissipation at Tamp < 40 
at Tease < 50 

T stg, Tj Storage and junction temperature 


THERMAL DATA 






Rthj-case Thermal resistance junction-case 
Thermal resistance junction-ambient 





Rth j-amb 





° 


° 


INTERNAL 
SCHEMATIC 
DIAGRAM 





40 

30 

3 

200 

400 

0.8 

5 

-55 to 200 


° 33 
Q==rprpr<c<<cc 


C 
C 





max 30 °C/W 
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ELECTRICAL CHARACTERISTICS (Tamp = 25 C unless otherwise specified) 


Collector cutoff Vcp = 20V 
current (Ie = Q) VcB = 20V Tamb = 150°C 


VB R) CBO Collector-base 
breakdown voltage Ic 
(Ie = 0) 


VCEO (sus) ~ Collector-emitter 
sustaining voltage le 
(Ip = 0) 


V(BR) EBO Emitter-base 
breakdown voltage 
(Ic = 0) 


Collector-emitter 
knee voltage ° 


Emitter-base 
capacitance 


Collector-base 
capacitance 


Reverse capacitance 


Noise figure Vce = 15V 
f = 200MHz 


Power gain 
(see test circuit) 


= 800MHz 


Output power 
(see test circuit) f = 200MHz 
800MHz 





* Pulsed: pulse duration = 300us, duty cycle = 1% 
** |g = Value corresponding to |< = 110mA and Voce = 1V 
(1) Output VSWR < 2, dim = -3dB @ f= 2 (fg-fp), fp = 798MHz and fg = 802MHz 
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Fig. 1 - RF amplifier circuit for power gain test (f = 2OO0MHz) 


3+15pF 






2 turns 
R 


g 790.0 3turns INF R, =50N. 
S - 3017 
*VBB +Vec 
Fig. 2 - Power gain vs. col- Fig. 3 - High frequency cur- Fig. 4 - Reverse capacitance 
lector current rent gain vs. collector curent 
G- 3385 G~ 3356 














Wee =18V 
t = 200 Mrz 
orb tages a 






























































Fig. 5 - Power rating chart Fig.6- Input impedance Fig. 7 - Forward _ transfer 
Size (normalized 50{2) coefficient Sore 
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Fig. 8 - Reverse transfer 


coefficient S126 





75.0. 


0-6 


pr Se 








BW-3dB = 10 +350MHz 
PG. = 25dB 


Fig. 11 - MATV - 200MHz channel amplifier 
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10 pF 3.3pF 6.8pF 
752.C- I v, i oj 
22pF 
33[] 68 uag i Pr ast] 4 
kN kA kOLLI kN 
| j27Ko. 
| rok. 
gain control 


Supply Voltage -24V V.SW.R.IN 


<15 
Current Drain 100mA V.S.WR.gyt <2 
NF 3dB 


Gain Control >30dB 





Fig. 9 - Output impedance 
So2e (normalized 5092) 


G ~3368 
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Second order distortion at VQyT =+46dBmvV: re 
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WIDE BAND VHF/UHF AMPLIFIER 


The BFRY9QA is a silicon planar epitaxial 
PNP transistor in Jedec TO-72 metal 
case, particularly designed for wide band 
common-emitter linear amplifier applica- 
tions up to 1GHz. 

It features very high f,, very low reverse 
capacitance, very good cross-modulation INTERNAL 
properties and very low noise. The type SCHEMATIC 
is complementary to BFY90. nena 





ABSOLUTE MAXIMUM RATINGS 





VcBo Collector-base voltage (I_- = 0) -25 V 
VcEO Collector-emitter voltage (I_ = 0) -25 V 
VeBo Emitter-base voltage (Ic = 0) -3 V 
le Collector current -50 mA 
Piak Total power dissipation at Tamp < 25°C 225 mW 

at Tease < 25°C 360 mW 
T stg, Tj Storage and junction temperature -55 to 200 °C 


THERMAL DATA 










Rthj-case Thermal resistance junction-case max 486 °C/W 


Rthjamb Thermal resistance junction-ambient 
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Parameter 


Collector cutoff 
current (I_ = 0) 


=) 


ViB R) CBO Collector-base 
breakdown voltage 
(le ee 0) 


VCEO (sus) * Collector-emitter 
sustaining voltage 
(Ip = 0) 


ViB R) EBO Emitter-base 
breakdown voltage 
(Io = 0) 


Collector-emitter 
knee voltage 


N 
oO 


Q) 
N 


Noise figure = Vce = -15V 


200MHz 

= 800MHz 

lc =-10mMA CE = -15V 
Rg 502 

200MHz 

= 800MHz 


He 

o 

i 
fommos 20 ce) 
wo ww nN 


; ; 


Power gain I¢ = -10mA 
800MHz 


Output power Ic = -10mA 
800MHz 


-10mA Vee = -15V 
R, = 502 f = 800MHz 





3 
= 


* Pulsed: pulse duration = 300us, duty cycle = 1% 
** |p = value corresponding to Ic = -22mA and Veg = -1V 
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Fig. 1- Transition frequency Fig. 2 - Reverse capacitance 
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Fig. 4 - Noise figure vs. fre- 
quency 


Fig. 5 - Noise figure vs. 
ambient temperature 











































































































Fig. 7- Input impedance 
Site (5092 normalized) 


100° G-1861 


Fig. 8- Forward transfer 
coefficient Sai¢ 
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Fig. 3 - Noise figure vs. col- 
lector current 
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Fig.9- Reverse 
coefficient Si2¢ 
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Fig. 10 - Output impedance Fig. 11 - Wide band MATV amplifier 
Sooe (502. normalized) 


G-1880 
100° 
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Fig. 12 - MATV channel amplifier 
> 1 
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WIDE BAND VHF/UHF AMPLIFIERS 


The BY90 is a silicon planar epitaxial 
NPN transistors in Jedec TO-72 metal 
case, particularly designed for wide band 
common-emitter linear amplifier applica- 
tions up to 1GHz. 

They feature high f,, low reverse capa- 
citance, good cross-modulation properties 


and low noise. INTERNAL 
SCHEMATIC 
DIAGRAM 





ABSOLUTE MAXIMUM RATINGS 












Collector-base voltage (I_- = 0) V 
VceER Collector-emitter voltage (Ree < 500) 30 V 
VcEO Collector-emitter voltage (I_ = 0) 15 V 
VeEBO Emitter-base voltage (I< = 0) 2.5 V 
le Collector current 25 mA 
lem Collector peak current (f 2 1MHz) 50 mA 
Total power dissipation at Tamp S 25°C 200 mW 
Storage and junction temperature -65 to 200 =C 





THERMAL DATA 








580 °C/W 


Rth j-case Thermal resistance junction-case 380 °C/W 


Rthj-amp Thermal resistance junction-ambient 








Parameter Test Conditions 


Collector cutoff 
current (Ie = 0) 


Collector-emitter 
knee voltage 


DC current gain 


Transition frequency 


Collector-base 
capacitance 


Reverse capacitance 


Noise figure Ic =2mA Vee =5V 
Rg = optimized f = 100K Hz 
Rg = optimized f = 200MHz 
Rg = 502 f = 500MHz 
Rg = optimized f = 800MHz 


Power gain lc = 14mA 
(not neutralized) f = 200MHz 
f = 800MHz 


Output power lo =14mA 
dim = -30dB 
(3) Channel 9 
(4) Channel 62 





* Ip = value for which lc = 22mA at Vee = 1V 
(1) Shield lead not grounded 

(2) Shield lead grounded 

(3) fp = 202MHz, fg = 205MHz, f(aqg-p) = 208MHz 
(4) fp = 798MHz, fg = 802MHz, f(2q-p) = 806MHz 
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Fig. 1-Power rating chart 
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Fig. 4 -Noise figure vs. col- 
lector current 
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Fig. 2 - Transition frequency 
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Fig.5 -Noise figure vs. fre- 
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Fig. 3 - Collector-base capa- 
citance ae 


se aegesta TTC 
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Fig.6-Forward transmis- 
sion gain vs. frequency _ 














HIGH-FREQUENCY OSCILLATORS AND AMPLIFIERS 


The BFX73, 2N918 and 2N3600 are 
silicon planar epitaxial NPN transistors 
in Jedec TO-72 metal case. 

They are designed for low-noise VHF 
amplifiers, oscillators up to 1GHz, non- 
neutralized IF amplifiers and non-saturat- 
ing circuits with rise and fall times of INTERNAL 


n 2.5ns. SCHEMATIC 
less than 2.5ns DIAGRAM 





ABSOLUTE MAXIMUM RATINGS 





VeBO Collector-base voltage (I_- = 0) 30 V 
VcEo Collector-emitter voltage (I_ = 0) 15 V 
VeEBo Emitter-base voltage (Ic = 0) 3 V 
le Collector current 50 mA 
Prot Total power dissipation at Tamp <25 -C 200 mW 

at Tamb < 25°C 300 mW 
Tg. Tj Storage and junction temperature -65 to 200 € 


THERMAL DATA 















Thermal resistance junction-case 
Thermal resistance junction-ambient 


Rtn j-case 
Rth j-amb 
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ELECTRICAL CHARACTERISTICS (T,.,, = 25°C unless otherwise specified) 


20 
20 


Parameter Test Conditions 


- 
< 
SG 





Collector cutoff current 
(Ie = 0) 










w 
Oo 


V(BR) CBO __Collector-base breakdown 
~ voltage (Ie = 0) 


le = 10uA 









Collector-emitter sustaining 


VcEO (sus) 
voltage (Ip = 0) 






V(BR) EBO __Emitter-base breakdown 
voltage (Ic = 0) 






VCE (sat) Collector-emitter saturation 
voltage 


oO 
ms 


VBE (sat) Base-emitter saturation 
voltage 


DC current gain VcE=1V 
for 2N918/BFX73 
for 2N3600 


Transition frequency for 2N918/BFX73 
Ic =4mA VcE= 10V 


f = 100MHz 600 MHz 
for 2N3600 

Ic =5mA Veg = 6V 

f = 100MHz 850 1500 | MHz 


Emitter-base capacitance Vep=0.5V 


for 2N918/BFX73 
for 2N3600 


_ 
aN 


Collector-base capacitance 
(for 2N918/BFX73 only) 


= i 
“Ni 

x2) comme) come) 

TI 1 TI TT Ti 


_ 
ioe) 


Reverse capacitance 
(for 2N3600 only) 


Noise figure ‘ Vce =6V 
f = 200M Hz 
for 2N3600 
VcE =6V 
f = GOMHz 
for 2N918/BFX73 
for 2N3600 


Power fain g f = 200MHz 
for 2N918/BFX73 


Ic =6mMA Vege = 12V 15 dB 


for 2N3600 
Ic =5mA Voce = 6V 17 


24 dB 


pea fe - 
se fe : | 
o1 
oan [ox 
w Ww w 
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ELECTRICAL CHARACTERISTICS 


Parameter 


Output power 


Collector efficiency 
(for 2N918/BF X73 only) 


'pbe Cyc Feedback time constant 


(for 2N3600 only) 


* See test circuits 


Fig. 1- DC current gain 





(continued) 


Test Conditions 


Ic¢=12mA 
f = 500MHz 


Ic= 12mA 
f = 500MHz 


lc =5mA 
f = 31.9MHz 


VcB = 10V 


for 2N918/BFX73 


for 2N3600 


| 


Fig.2- Transition frequency 
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Fig. 3- Input admittance vs. 
collector current 
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Fig.4- Forward  transad- 
mittance vs. collector current 
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Fig. 7 - Input admittance vs. 
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Fig. 10 - Output admittance 
vs. frequency 
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Fig.5- Reverse transadmit- 
tance vs. collector current 
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Fig. 8 - Forward transadmit- 
tance vs frequency 
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Fig.6 -Output admittance 
vs, collector-current 





























Fig. 9 - Reverse transadmit- 
tance vs. frequency 
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Fig. 11 - 500MHz oscillator test circuit 


1 





2200 





75 pF 


OUT 


1000 
pF 


$-1570 








ADVANCE DATA 


RF AMPLIFIER 


The 2N3137 is a silicon planar epitaxial 
NPN transistor in a TO-39 metal case. 
It is primarily designed for application 
as a Class-C, RF power amplifier. 

In addition to the large signal capabilities, 
the low noise and high transition fre- 
quency of the 2N3137 provide excellent 


performance in a variety of linear ampli- eee 
fier for telecommunication applications. DIAGRAM 





ABSOLUTE MAXIMUM RATINGS 








Collector-base voltage (I_ = 0) 40 V 

VecEo Collector-emitter voltage (Ig = 0) 20 V 
VeBo Emitter-base voltage (Iq = 0) 4 V 
Prot Total power dissipation at Tamp S 25°C 0.6 W 
at Tamp < 25 C 1 Ww 

Storage and junction temperature -65 to 200 eC 





THERMAL DATA 






Rthj-case _ Thermal resistance junction-case 
Rinhjamb Thermal resistance junction-ambient 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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Parameter 


Collector cutoff 
current (Ie = 0) 


ViBR)cBO Collector-base 
breakdown voltage 
(l_e = 0) 


VCEO (sus) Collector-emitter 
sustaining voltage 
(Ip = 0) 


V(B R) EBO Emitter-base 
breakdown voltage 
(Ie = 0) 


VCE (sat) Collector-emitter 
saturation voltage 


Power gain 
(class-C) = 250MHz 


Noise figure Voce = 10V 
f = 200MHz 


Collector-base 
capacitance 


Collector efficiency vce = 20V 
250MHz OP 





* Pulsed: pulse duration = 300us, duty cycle = 1% 
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Fig. 1 - DC current gain 
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Fig. 4 - Contours of con- 
stant transition Trequeney 
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Fig. 2 ~ Collector-emitter 
saturation voltage 







































































Fig. 5 - Collector-base ca- 
pacitance 
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Fig. 3 - Base-emitter satura- 
tion voltage 
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Fig.6- Emitter-base ca- 
pacitance 
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ADVANCE DATA 





CATV ULTRA-LINEAR HIGH GAIN TRANSISTOR 


The 2N5109 is a multi-emitter silicon 
planar epitaxial NPN transistor in Jedec 
TO-39 metal case. It is designed for CAT V- 
MATV amplifier applications over a wide 
frequency range (40 to 860MHz) 


INTERNAL 
SCHEMATIC 
DIAGRAM 





ABSOLUTE MAXIMUM RATINGS 





VesBo Collector-base voltage (I- = 0) 40 V 
VceR Collector-emitter voltage (Rae < 10) 40 V 
VcEoO Collector-emitter voltage (Ig = 0) 20 V 
VEBO Emitter-base voltage (Ic = 0) 3 V 
le Collector current 0.4 A 
Ip Base current 0.4 A 
Prot Total power dissipation at Tamp < 25 C 1 Ww 
at Tamp <75 C 2.5 W 
Tstg Ty Storage and junction temperature -65 to 200 "Ce 
THERMAL DATA 
Rtn j-case ‘Thermal resistance junction-case max 175 °C/W 
Rthj-amb Thermal resistance junction-ambient max 50 °C/W 





This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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Parameter 


Collector cutoff 
current (Vee = -1.5V) 


Collector cutoff 
current (Ig = 0) 


Emitter cufoff 
current (Ic = 0) 


ViBR)cBo  Collector-base 
breakdown voltage 
(le = 0) 


VcE (sus) * Collector-emitter 
sustaining voltage 
(Ree = 102) 


VCEO (sus) Collector-emitter 
sustaining voltage 
(Ig = 0) 


VCE (sat) Collector-emitter 
saturation voltage Ic = 100mMA 


DC current gain Ic = 50mA 
Ic = 360MA 


Transition frequency Ic = 50mA 
f = 200MHz 


Collector-base 
capacitance 


Noise figure Vce = 15V 
f = 200MHz 


Power gain Ic = 10mMA 
(see test circuit) f = 200MHz 





* Pulsed: pulse duration = 300us, duty cycle = 1% 
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Fig. 1 - Test circuit for power gain measurement (f = 200MHz) 
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Ink 2 turns 
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PACKAGES 


TO-39 








TO-72 








TO-99 
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PACKAGES 


~TO-100 











$O-8 











SO-14 











PGI3-A 
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PACKAGES 











SIP-4 
iG iiax ie 
x x 
~ 
“| 
0.5 
2.54 Fi -o{|.0.4 
E 
Ww 
7.62 a 
C-0149 
DIP-6 





C-0137 





Minidip Plastic 


tA lise 


Q4 


| g4ma 


POO1-FW1 
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PACKAGES 


Minidip A Plastic 





8. OO.max 








Minidip B Plastic 


B, 1pmax 
1. 12max 6.47 max 








Minidip C Plastic 


8.00 nak 
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Minidip D Plastic 





as Fag | 


9.27Max 
C- 0138 





Minidip Ceramic 


7 max 


0.25 


POS3-E1 








DIP-14 Plastic (0.25) 


7,jmax 





ma 
20 : POOT- Al 
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PACKAGES 


DIP-14 Plastic (0.4) 














DIP-14 Ceramic (0.25) 





PO57-C1 





-DIP-16 Plastic (0.25) 


VA aes 














] POO1- C1 
pti ty Pe ty td od 
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DIP-16 Plastic (0.4) 





DIP-16 A Plastic 





DIP-16 B Plastic 





PACKAGES 








ymax 





B . OOmax 








fifi fy fy fi PT) 
16 g 
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8 
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8. 12m™a* 


6.47 max 
=e 
cae 


| } 
| 









foe 
9,91 098% 


C- 0145 


PACKAGES 


DIP-16 C Plastic 





DIP-16 Ceramic (0.25) 





DIP-18 Plastic (0.25) 


7) max 
SS 






POOI-T! 
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PACKAGES 





DIP-18 Plastic (0.4) 











ee POO1-UI 
am 





DIP-18 A Plastic 








DIP-18 C Plastic 


3.68 max 
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PACKAGES 


DIP-18 Ceramic (0.25) 





Miata 





10.4 


P0$7-G1 





DIP-20 B Plastic 





26.42 max 





C- 0144 





DIP-20 Ceramic (0.25) 


gm 





P0S7- M1 
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PACKAGES 


DIP-24 C Plastic 


15.75% 


17. 45™a* 





c-0139 


DIP-24 Ceramic (0.25) 


13. 4 Max 








32 1 max POS8-C1 





DIP-28 Ceramic (0.25) 








37 ymax POS8 -D4 
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PACKAGES 


DIP-40 Plastic (0.25) 


16.7 Max 


PO43-B1 











DIP-40 Ceramic (0.25) Side Brazed 








eee: 5 ie seen 
eo 











SILWATT (In Development) 


eg.5 max | 





C-0151 
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NOTES 
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